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The Problems 


During and since the Second World War con- 
siderable advances have been made in the under- 
standing and management of cases of head injury. 
Rich though the rewards of this experience have 
been—and these may be gauged by the multitude of 
articles published on special aspects of the subject 
during the past 10 years—the field for further study 
is still fertile with many problems, and it is the 
intention in this thesis to record the results of study 
of a series of 2,000 case histories of closed head 
injury at the Head Injury Bureau at Oxford. 

Closed head injuries with the dura intact or torn 
only along fracture lines, as in the basal injuries, are 
more common in civilian than in military practice, 
and have received less attention in recent years than 
the more spectacular group of penetrating brain 
wounds. 

It is particularly in regard to traumatic epilepsy 
that problems still remain. Many questions may be 
asked to which there is no answer yet or, at the 
most, an incomplete and variable opinion, depending 
on the experience of the authors concerned or the 
selective nature of the cases studied. Why, for 
instance, when the incidence of epilepsy after a 
penetrating injury is so high (about 50%), is it so 
low in the closed injuries (about 3%)? Why, in 
fact, does epilepsy occur at all after cerebral con- 
cussion without an actual brain wound? When it 
does occur, is it related to the nature and degree of 
the injury, to genetic or constitutional factors, to 
previous head injuries, to complicating factors, such 
as intracranial haemorrhage, skull fracture, cerebro- 
spinal fluid leakage, or aerocele? What is the 
gradient of the time-lag between trauma and the 
first fit? Is the duration of post-traumatic amnesia 
any guide to the likelihood of later epilepsy ? Does 
a persisting cerebral dysrhythmia indicate that the 
patient may become an epileptic? What are the 
relative statistics for focal, general, or combined 
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seizures? Does one type of fit tend to occur early 
and the other late after trauma? Has cortical 
dominance any relation to traumatic epilepsy in 
unilateral injuries ? To most of these questions only 
a variable and indecisive reply may as yet be given. 


The Series 


A survey of a large series of head injuries admitted 
for hospital treatment should be embarked upon in 
the knowledge that any such series is selective in 
some degree. Special sampling is made inevitable 
by the nature of the hospital concerned, the type of 
population served, the policy of admission and 
management, speed limits and road safety organiza- 
tion, special industrial concentrations, liquor licens- 
ing regulations, peace or war, and a multitude of 
minor variables. The present series, too, has such 
limitations, but they are of a special kind. The 
Military Hospital for Head Injuries, Oxford, 
resulting from the combined energies of Sir Hugh 
Cairns and Sir Charles Symonds, was established 
early during the last war and dealt largely in its early 
years with closed head injuries in military personnel. 
This study therefore relates to the effects of head 
injury of the acceleration-deceleration type in a 
young, healthy, physically fit, predominantly male 
population. 

Two thousand case records were studied and 
these fell broadly into three sub-groups: those 
admitted (1) within three days of injury ; (2) within 
three weeks ; and (3) at longer periods following 
trauma. This hospital drew a large number of 
admissions in the third group as the result of some 
special complication developing, such as epilepsy, 
cerebrospinal fluid leakage, or subdural haematoma. 

Delay in admission in this group involved the loss 
of many fatal cases who died elsewhere. Jefferson 
(1942) has shown that over half of all deaths occur 
in the first 24 hours, so that the mortality in this 
series is exceptionally low. 

Detailed information of each case was entered on 
a card system ; such a card is seen in Fig. 1. Data 
were obtained largely from these cards, but in many 
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cases it was necessary to refer to the original hospital 
notes for confirmation or further detail. 

Two main series of cases were studied in detail. 
The first comprised 500 cases admitted in the acute 
post-traumatic stage, and in these were recorded such 
factors as retrograde amnesia, post-traumatic 
amnesia, focal signs, radiographs, E.E.G. findings, 
personal and family history, cerebrospinal fluid 
pressure and its protein or blood content; and 
complications such as epilepsy, intracranial haemor- 
rhage, cerebrospinal fluid leak, aerocele, infection, 
mental changes, condition on discharge, and at 
follow-up after rehabilitation. The second con- 
sisted of 190 epileptics, being all the cases of post- 
traumatic epilepsy found in the series of 2,000 closed 
injuries. 

It is believed that the epilepsy incidence in the 
** 500°’ series is a reasonably accurate measure of 
traumatic epilepsy in a young, healthy, male 
population following relatively severe head injury. 

The 190 cases of traumatic epilepsy on the other 
hand, may not be taken as the incidence in 2,000 
cases, as many of the late cases were selected for 
admission for the investigation and treatment of the 
late epileptic attacks. These 190 cases, however, 
qua epilepsy alone, form a valuable source of 
information regarding such internal relations as the 
relative frequencies of focal and general seizures, 
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the interval at which the first fit occurred, the effect 
of extended post-traumatic amnesia, the influence 
of depressed fracture, and other factors. 

Modification of the epileptic series by a number 
of circumstances has been remembered. Early fits 
may not be observed at the time of the injury or 
may be missed on the way to hospital or in hospital 
at night or when the patient is asleep or stuporose. 
Early fits may be suppressed by sedatives given for 
other reasons, such, for instance, as for traumatic 
delirium. Late fits may fail to be recorded when the 
patient is lost sight of, or dies from the injury or 
from some other cause before the fit occurs. Both 
early and late fits may occasionally be wrongly 
attributed to the head injury when they are crypto- 
genic in basis or symptomatic of some other disease. 
Late fits may be suppressed by the continued 
exhibition of barbiturates or other sedatives for, say, 
mild mental symptoms or insomnia. It is probable, 
therefore, that the observed epileptic incidence 
frequency is lower than the real value, but the cases 
missed or suppressed represent an overall loss and 
do not throw the series out of balance. 

In addition to these two main series, two smaller 
groups were also studied in some detail to bring out 
special features which, as the work progressed, 
appeared to be relevant to the general problem of 
traumatic epilepsy. A group of 38 depressed 
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fractures was examined to determine the effect of 
possible local cortical trauma. This seemed 
desirable, as the number of epileptics who show focal 
signs after closed head injury is too smali to provide 
more than an impression of the effect of local brain 
damage on the development of seizures. A second 
group of 40 cases with a post-traumatic amnesia of 
over seven days was selected to examine the pos- 
sibility that the trauma-seizure time-lag might tend 
to be longer in such a group. 

In general it should be noted that a very high 
standard of documentation is available for study 
in the card system of the Oxford Head Injury 
Bureau, which provides a rich and readily accessible 
source of reliable information and will no doubt 
supply a fund of material for future workers on 
problems related to head injury. Some little time is 
necessary, however, before all the information that 
the system may offer can be grasped and also in 
acquiring facility in interpretation. Inevitably, 
some facts are missing, and the original histories 
must be consulted. In a few cases interpretation is 
difficult through omissions and occasional in- 
accuracies or conflicting notes or opinions. Occa- 
sionally one must reject a case entirely for one of 
these reasons. 


The Incidence of Epilepsy 


Epilepsy is uncommon after closed head injury. 
Wagstaffe gave a figure of 2% for its incidence and 
later authors’ reports vary from 1 to 10%. This 
wide range derives from the special nature of the 
population and the variables noted above. In no 
instance yet has the influence of particular circum- 
stances, such as length of post-traumatic amnesia, 
depressed fracture, or complicating factors, been 
critically assessed. 

In the series of 500 cases (admitted in the acute 
stage) there were 31 subjects who had a fit following 
the injury—an incidence of approximately 6%. Of 
these, 24 were general seizures, five focal, and two 
mixed. Seven of those with fits had focal signs after 
injury, and of these five had focal seizures and two 
general. Of these seven cases, four had depressed 
fractures of the cranial vault, three with focal 
seizures. The figures are small, but they suggest 
some relation between focal seizures on the one 
hand and focal signs and depressed fracture on the 
other. All the focal seizures first occurred shortly 
after injury, within the first six days, whereas the 
general seizures, although they might be early, more 
usually did not occur for several months or even 
years after the trauma. 

Complicating factors were rare in this group of 
31 epileptics : one case had an extradural haemor- 


rhage ; one had cerebrospinal fluid rhinorrhoea 
with aerocele and meningitis. 

Four cases had a previous history of convulsive 
attack before the trauma; three had a family 
history of epilepsy; and one had both. These 
relationships do not appear to be significant to the 
development of epilepsy, as is confirmed later in the 
larger series. 

Only four cases had previously suffered a head 
injury. A large proportion of the 31 epileptics had 
suffered severe acceleration-deceleration injuries (18 
from motor vehicles, two from plane crashes). 

Of the 31 epileptics, 22 had abnormal E.E.G-.s, 
four were normal, and in five cases there was no 
record. 


Delay in Onset of Traumatic Epilepsy 


The study of the interval at which the first fit 
appeared has a special merit in that it contains 
implications which reflect upon the nature of the 
cause or causes of this complication. The density 
of the epileptic effect, apart from total incidence in a 
series, cannot be gauged from such a study, since it 
would require a long-term survey of a series of such 
epileptics, in whom anticonvulsants had not been 
exhibited, before the degree of the operating cause 
or causes might be estimated in a traumatic epileptic 
population. With this restrictive factor in mind we 
may turn to the time of appearance of first fits in the 
“* 190” series of cases of post-traumatic epilepsy, 
remembering that the observed gradient of time-lag 
may be somewhat lower than the real value owing 
to the fact that some fits will be missed as the result 
of the factors discussed above. The results of such 
an approach may be seen in Table 1. 


TABLE I 
190 CASES OF TRAUMATIC EPILEPSY INDICATING 
TIME-LAG IN APPEARANCE OF FIRST FIT 





Interval after Injury at which Fits Began No. of Cases 





0-3 months oa s- ve ke Ni 104 
3-6 ‘ os aa al - - 27 
6-9 os bad ve - .% Pa 16 
9-12 ‘ 
12-15 
15-18 
18-24 

2-3 years 
. ae 


4-11 








The points which merit further consideration 
are: (1) The large number of cases which occur 
within three months of injury (104); (2) the 
rapidly decreasing number of cases after three 
months ; (3) a period of six months in which no 


fits were seen (from 18 months to two years) ; 


(4) the group of late cases after two years. 











The large group of early cases (less than three 
months) represents almost 55% of the total 190 
cases. Of these 104 cases, 66 had a fit within one 
month of the injury and 45 of these occurred in the 
first two weeks. There would appear to be a 
number of possible causes of seizure immediately 
following head injury, apart from the direct effect 
of trauma on brain cells, and it may be the operation 
of a number of factors whose influence fades 
rapidly which determines the high incidence of fits 
within the first few days or weeks of the injury. The 
aetiology of these early cases is to be discussed in 
some detail later. 

The steep decline of the incidence curve after three 
months confirms previous clinical observation and, 
measured quantitatively here, shows a very rapid 
fall towards zero at or shortly after 18 months. This 
fall reflects the decreasing incidence of this early 
epileptic cause and its evenness makes it unlikely 
that from three to 18 months more than one cause 
is operating. On the other hand, as is shown in 
Table II, the uneven gradient before three months 
suggests that multiple causes may be operating. 

In a recent series of penetrating wounds studied by 
Russell and Whitty (1952) the time-lag gradient also 
fell rapidly after an initial high peak, and although 
the time intervals selected by them were not equal, 
the general shape of the curve resembled that for the 
closed head injury cases. 


Effect of Severity of Trauma 


A most important problem now arises. What is 
the relation between the degree of trauma and the 
frequency or the time of appearance of the fits ? 
Are the more severely injured subjects more prone 
to fits, and, if so, do the fits tend to occur early or 
late in such cases. 

In closed head injuries without complication the 
trauma is maximal ab initio and its effects pre- 
sumably decrease as consciousness recovers. If 
trauma is the direct cause of the fit, a seizure should 
occur at once when the degree of injury surpasses 
the subject’s convulsive threshold. This clearly is 
not happening in these cases, for the occurrence of a 
latent interval of varying duration is a very constant 
feature. This may imply that there is some critical 
epileptic component related to recovery from trauma 
and that it is not the injured neuron but the cell 
about to resume function that constitutes the 
epileptic substrate? This concept would explain 
the rapid fall in the time-lag gradient after three 
months, as there would then be a rapidly diminishing 
recovering population from which seizures might 
originate. This would necessarily mean a later 
tendency to fits in the reactionary period in the long 
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post-traumatic amnesia cases and possibly also a 
higher relative frequency of seizures in the same 
group. These two points are to be examined in 
detail later. 

It is suggested therefore that the gradient of time- 
lag shows a large number of fits in a primary phase 
the duration of which is about three months and 
which is probably due to several causes ; a group 
of fits rapidly decreasing in number in a reactionary 
phase from about three months to 18 months, very 
probably due to one cause only which may be a 
supernormal excitatory state in the recovering 
neurons ; and a group of secondary fits after two 
years which may be related in some way to dead 
neural tissue. 

The incidence delay may now be contrasted 
between general seizures and focal attacks. Of the 
former 160 cases were recorded ; of the latter only 
30. In Table II a comparison of these two groups 


TABLE II 
FURTHER ANALYSIS OF TIME-LAG WITH CASES WITH 
GENERAL AND FOCAL FITS SEPARATED 

















| No. of Cases 
Interval after Injury ened " Focal 
at which Fits Began | Convulsions Convulsions 
| (160 cases) (30 Cases) 
Under 24 hours... a Sa | 13 2 
1-14 days .. ea a = 22 11 
2 wks.-I month... a ie 18 3 
1-3 months és bs - 32 3 
3-6 “ e ne a 23 4 
6-9 “i 13 3 
9-12 9 0 
12-15 4 0 
15-18 ,, x — ee 2 0 
18-24 ,, es fe a 0 0 
2-3 years sis aS a 15 0 
Over 3 years 9 4 








is made by plotting the number of cases against the 
time of appearance of first fits using shorter initial 
time periods to demonstrate the behaviour of the 
focal attacks, almost 50% of which occur in the 
first few days after injury. The gradient for general 
seizures follows the same pattern as that seen for 
the total series in Table I and calls for no further 
comment. The primary phase of focal attacks, 
however, appears to be of shorter duration and 
terminates between two and four weeks, to be 
followed by a steady low level incidence rate which 
seems to end at nine months. In a small group of 
four focal cases epilepsy did not develop until after 
three years from the injury. 

The relation between focal trauma and focal 
seizure is shown by a group of depressed fractures. 
The ‘“ 500” series included 38 cases of depressed 
fracture of the cranial vault ; of these, 26 had fits, 
of which nine were focal attacks. Not only there- 
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fore is the general incidence level raised by depressed 
fracture, but the incidence of focal epilepsy is dis- 
proportionately increased. The percentage differ- 
ences are seen in Table III. Although the depressed 


TABLE III 
INCIDENCE OF EPILEPSY IN 500 UNSELECTED CASES 
AND IN 38 CASES OF DEPRESSED FRACTURE EXTRACTED 
FROM THESE 500 





Unselected 
Admissions 
(500 Cases) 


Depressed 
Fractures 
(38 Cases) 





°o 
44°, 
24°, 


Total incidence... ig a 6% | 
General seizures | 5% 
& 


Focal attacks ”% 





fracture group is a small one the increased incidence 
of epilepsy over the unselected admissions is remark- 
able and raises the practical question of the 
desirability of exhibiting anticonvulsants to all 
depressed fractures for some months after the 
injury. There seems little doubt that the chances of 
a focal attack become very considerably greater 
after depressed fracture of the vault of the skull. 
It should, of course, be understood that even a 
single focal fit leads to the case being segregated into 
the post-traumatic epilepsy group. 


Post-traumatic Amnesia (P.T.A.) and Epilepsy 


The duration of post-traumatic amnesia, if not a 
direct measurement of the degree of trauma, appears 
at least to indicate to some extent the degree of 
neuron reaction to trauma. Care must be exercised 
in using this premise in interpretation since a spatial 
factor is involved and one may imagine two post- 
traumatic amnesias of equal duration, in one case 
due to local disturbance in a specific area and in the 
other to diffuse concussion operating over the whole 
cortex. The essence of the problem, in the uncom- 
plicated case, is the fact that amnesia terminates as 
recovery of brain function takes place, and it is 
justifiable therefore to regard the length of P.T.A. 
as a measure of the duration of reintegration. 

The two points referred to previously may now 
be examined. Is the longer recovery period associ- 
ated with a greater percentage incidence of fits, 
and do the fits in long P.T.A. cases tend to occur 
later? Or, in other words, is the epileptogenic 
factor potentiated by a longer period of recovery, 
and must further time pass before this may become 
overt ? A comparison of P.T.A. in equal unselected 
and epileptic series is seen in Table IV. 

The difference is clear. The peak incidence of 
P.T.A. is achieved under one hour in the unselected 
series and falls rapidly, only about 12% of cases 
having a P.T.A. of over seven days. In the epileptic 


TABLE IV 
DURATION OF POST-TRAUMATIC AMNESIA (P.T.A.) IN 
CASES DEVELOPING TRAUMATIC EPILEPSY COMPARED 
WITH CONTROL GROUP OF CASES OF HEAD INJURY 





Duration of P.T.A. in Hours (h.) 
and Days (d.) 


Nil | th. |1-24n, 1-7 4.| >74. 
Unselected (%) i2 | 38 | 22 | 14 | 12 


| 8 | 18 | 2s 


Cases of Head Injury 











With post-traumatic “epilepsy 
(%) «- =a ae aa 


24 | 24 





series a peak is not achieved for several hours and 
thereafter an equal number of cases occur at the 
P.T.A. intervals selected, approximately double the 
number of epileptics having a P.T.A. of over seven 
days than in the unselected series. About 50% of 
traumatic epileptics had a P.T.A. of over 24 
hours. 

Determination of the incidence delay in long 
P.T.A. cases may be approached in several ways. 
Some selection must occur, since, if it is intended to 
observe the direct neuron effect which may be 
associated with long P.T.A., any case containing a 
complicating factor must be excluded, both because 
it may be epileptogenic or because it may be related 
causally to the amnesia. In the “‘ 190” series there 
were 40 uncomplicated cases with P.T.A. of over 
seven days’ duration. In order to make the contrast 
extreme they are compared in Table V with an 
equal number of epileptics whose P.T.A. was less 


TABLE V 
TIME-LAG IN DEVELOPMENT OF POST-TRAUMATIC 
EPILEPSY IN TWO GROUPS OF 40 CASES WITH SHORT 
AND LONG P.T.A. RESPECTIVELY 





Time-lag in Development of | Cases with P.T.A.| Cases with P.T.A: 
First Fit in Months under | hr. over 7 days 





Under 3 
3-6... 
6-9 


18-24 .. 
Over 24 





than one hour. The total number of cases is small, 
but not sufficiently to alter significantly the observa- 
tion that in 77% of the short P.T.A. cases the first 


. fit occurred within three months of the injury 


whereas in the long P.T.A. group 77% of first fits 
appeared after three months. It would be imprudent 
to seek more than this difference between two small 
contrasting series; however, the difference is a 
critical one since, if true, it shows that short P.T.A. 
epilepsy is predominently primary, while long P.T.A. 
epilepsy is for the most part reactionary and 
secondary. It must be made clear that but little 





6 GILBERT PHILLIPS 


selection was involved, as the short P.T.A. group 
represented all the cases of less than one hour in the 
“© 190” series, and although four cases of more than 
seven days’ P.T.A. with complicating factors were 
excluded, the incidence delay in each was over three 
months. 

The group with a time-lag of less than three 
months contains the largest number of cases, most 
having a short P.T.A., and includes nearly all the 
focal seizures. During this phase a number of 
causal factors in addition to direct cell trauma may 
be operating to evoke a fit. In the reactionary 
phase a smaller number of fits is seen, usually in 
long P.T.A. cases, the number decreasing rapidly 
as the incidence delay becomes extended. These 
later cases may be due possibly to an over-excitable 
state in cells emerging from the effects of trauma. 
The smallest group of fits occurs in a late secondary 
stage, after two years, most frequently in long 
P.T.A. cases, and here the cause may perhaps be 
foci of unstable cortex surrounding areas of dead 
neural tissue. The clinical records support this 
view. The great majority of early fits in the primary 
phase were single and did not recur, as far as one 
may judge from the records, although anticon- 
vulsants may not have been exhibited. The focal 
attacks, as stated above, occurred at this time, and 
a substantial number of fits, both focal and general, 
took place while the subject was still unconscious. 
Fits in the reactionary phase appeared for the most 
part to respond well to suppression by drugs and 
usually did not recur after anticonvulsants were 
discontinued. The epilepsy in the secondary phase 
appeared to be of a more severe and fixed form. 
Its onset in several cases was by status epilepticus, 
and it appeared to be more difficult to control by 
drugs. The records do not permit a quantitative 
analysis of these apparent differences, but the over- 
all clinical picture is one of three groups of epileptic 
subjects differentiated both in time and by P.T.A., 
the type of seizure, its severity and recurring 
quality, and the response to drugs. Finally, the 
relation between P.T.A. and the incidence of 
epilepsy may be tested by reverting to the ‘* 500” 
series containing 31 cases of epilepsy.* There were 
387 cases with a P.T.A. of less than 24 hours; of 
these 18 had seizures, an incidence of 4-6%. Of the 
remaining 113 cases with a P.T.A. of over 24 hours 
13 had seizures, an incidence of 11:-5%. From what 
has been shown to be the relation between longer 
P.T.A. and incidence this percentage is probably 
greater still with post-traumatic amnesias of over 
seven days. 


* Most of these cases were followed up for only two to three years 
after injury.—Eb. 


Constitutional Factors in Aetiology 


An overt epileptic would be unlikely to be enlisted 
in or to remain long in the Services. Of the series 
of 190 traumatic epileptics only 15 (7:8%) had a 
previous history of seizure, and in most cases this 
was a single instance in infancy or immediately 
succeeding a previous head injury. A _ control 
series showed a personal history of seizure in 3% 
of cases, and the difference therefore is not 
Statistically significant. 

Twenty-four (12:6%) cases had a family history 
of epilepsy, a figure very similar to that given 
previously for ancestral history in any epileptic 
group (11%); five cases had a family and personal 
history of seizure. In the ‘‘ 500” series, however, 
there were five patients with head injury who had 
both familial and personal histories of seizures. One 
of these had frequent fits beginning 10 weeks after 
the trauma. In the other four cases with P.T.A. 
of three weeks, five days, four hours, and half an 
hour, no fit was recorded. 

Although this evidence is of a negative kind and 
relates the incidence of personal and family history 
in a series of traumatic epileptics, whereas the reverse 
would be both more positive and more convincing, 
it may be concluded from the figures quoted that 
there is no reason to suppose that the subject of 
cranial trauma is more likely to suffer a fit if he has a 
personal or a family history of epilepsy or even 
both. 

Evidence of a similar type may be adduced to 
show that other constitutional factors such as 
personal or ancestral mental disease or migraine 
are not causally related to traumatic epilepsy. 


Complications 


No positive evidence was seen to relate such 
complications as cerebrospinal fluid rhinorrhoea, 
aerocele, infection, subdural or extradural haema- 
toma to the development of traumatic epilepsy. 
However, the series is not suitable for this purpose, 
and the number of complicated cases too sma!l to 
justify any definite conclusion. 

It is notable that in the 31 cases of fits in the ** 500” 
series there were only two with complications. In 
one there was an extradural haemorrhage, but there 
was also a depressed fracture of the cranial vault, 
and the fit was immediately after injury. In the 
other, there was a combination of anterior basal 
fracture, cerebrospinal fluid rhinorrhoea, aerocele, 
and meningitis, and the fit occurred two months 
later. 

In the "* 500” series, on the other hand, there were 
19 cases of cerebrospinal fluid rhinorrhoea without 
fits, in spite of the customary association of basal 
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fracture, frontal contusion, and bloody cerebro- 
spinal fluid in these cases. 


Previous Head Injury 


The influence of previous head injury on the 
epileptogenic effect of late cerebral trauma is 
difficult to assess. It is obvious from what has 
already been stated here that characteristics of the 
previous injury, such as P.T.A., focal signs, depressed 
fracture, etc., must be taken into account. 

It is by no means surprising that in the “ 500” 
series, predominantly healthy males, there were 44 
patients who had received a previous head injury 
of moderate or severe degree. Only four of these 
cases, however, suffered a fit, an incidence which is 
not significantly different from the series as a whole, 
particularly when the effect of P.T.A. is remembered. 
Moreover, there were complicating factors in three 
of these cases in that one had a seizure two hours 
after injury while still in coma, another had focal 
signs, and the third was being treated for syphilis. 
In the “‘ 190” “‘ epileptic’ series 33 subjects had a 
previous history of head injury, but 17 cases had a 
P.T.A. over 24 hours and the degree of the present 
injury is therefore involved in the relationship. 

It is possible that the study of a group of late 
traumatic epileptics might throw further light on 
this problem. On the present evidence there is no 
reason to suppose that a previous head injury from 
which a full recovery has taken place will perman- 
ently lower the subject’s convulsive threshold and 
render him more liable to seizures after succeeding 
cranial trauma. Whether, on the other hand, an 
injury followed by incomplete recovery with 
residual signs of focal damage or epileptiform 
dysrhythmia may not permanently alter the 
convulsive threshold is another matter. 


Electroencephalography (E.E.G.) 


There is little information to be gained in this 
series of cases from the E.E.G. records. Less 
impersonal and more sequential studies, such as 
those of Denis Williams (1941), are necessary before 
any substantial conclusions may be drawn. Here 


there is no record of pre-trauma E.E.G. and no. 


overall E.E.G. follow-up, neither of which were 
possible in a series of this type. The E.E.G. record 
itself, moreover, is always more enlightening than a 
report, and successive comparisons appear essential 
if one is to understand what is happening in the 
injured brain. In the acute cases studied at Oxford 
approximately 70% showed some E.E.G. abnorm- 
ality in the early stages. In the majority of cases 
this was not fixed and tended to return progressively 
to normal in two or three months, at which time the 


reactionary phase began and some seizures occurred. 
This point is regarded as important, since it is 
evident that in this group the epileptogenic com- 
ponent appears as the effect of trauma is passing 
off and cells are recovering normally integrated 
function. 

Fixed epileptiform dysrhythmias with paroxysmal 
changes in amplitude or frequency were rare and 
appeared to be confined mainly to the late cases with 
an incidence delay of over two years. Focal 
dysrhythmias in closed head injury appeared to be 
excessively rare and seemed to be restricted to early 
cases in the primary phase with focal signs or 
depressed fracture, particularly when the fit was 
focal or when a general seizure was preceded by a 
focal motor or sensory aura. In the “ 190” series 
with fits the E.E.G. was quite normal in nearly 30% 
of the cases in which it was recorded. 

Insufficient information was available to deter- 
mine the percentage of cases developing a fixed 
dysrhythmia after closed head injury or the number 
of these patients who subsequently suffered a fit. 


Discussion 


The trauma-fit relationship is difficult to analyse, 
as 80-90% of closed head injuries recover and the 
cellular pathology due to trauma may only be 
presumed from post-mortem examination in fatal 
cases, from animal experiment, and possibly also 
from surgical experiences when complications 
require exposure of the intracranial contents. 

The pathology in fatal cases is, moreover, 
extremely variable. No macroscopic change may 
be seen in the brain of a fatal case, or there may be 
extensive cortical contusion or laceration, free blood 
in the ventricles and cisterns, and multiple haemor- 
rhages in the mid-brain and pons. In spite of this, 
the incidence of epilepsy after closed head injury 
is very low as compared to the incidence in brain 
wounds, and the relation between epilepsy and 
P.T.A., which has been shown here to exist for the 
closed head injuries, does not hold for brain 
wounds ; indeed, many subjects with the latter who 
develop fits are not rendered unconscious at all by the 
penetrating injury. These facts would suggest that 
it is some character of trauma other than the degree 
of its capacity to cause unconsciousness which 
contains the critical epileptogenic component. In 
the search for this it must be remembered that the 
cortico-spinal tracts are ‘he final common pathway 
for the expression of an epileptic trend in the brain. 
That the cells of origin of these tracts lie in a 
vulnerable area in respect to epilepsy may be gauged 
from the higher incidence of epilepsy after pene- 
trating injuries when the wound was in the region 
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of the central. sulcus (Russell and Whitty, 1952). 
The central cortex is rarely injured in closed head 
injury, and this may be one reason why the incidence 
of epilepsy is low in these cases. In closed head 
injuries, too, the damage is general and diffuse, 
while in brain wounds it is local and concentrated. 
These associated areal and density factors suggest 
that it may be a local mass effect of disintegration 
operating at the central cortex, either on moto- 
neurons or on the fibres converging upon them, 
which constitutes the substrate of epilepsy after 
trauma. The differential areal and density relations 
between brain wounds and acceleration injuries 
would then explain a high incidence of epilepsy in 
the former while it was low in the latter. 

It appears clear that several factors other than 
direct neuron trauma may lead to a fit, and it may 
be in the early period following trauma that several 
different epileptogenic causes are present. Aetiology 
may be considered in the groups corresponding to 
the primary, reactionary and secondary phases 
defined by the incidence delay trends. 


Primary Phase.—Here fits may be classified on the 
basis of possible causes : (1) Humoral ; (2) vascular 
(venous thrombosis, arterial occlusion (anaemia- 
anoxia) ); (3) mechanical; (4) direct neuronal 
trauma. 


Humoral.—Arterial injection of a minute dose of 
acetylcholine will cause a fit and the effect is 
apparently a direct neuronal excitation, as the fit 
occurs before the onset of bradycardia. Denis 
Williams (1952) has carried out this experiment on 
human subjects. Bornstein (1946) has demons- 
trated that acetylcholine is freely liberated into the 
cerebrospinal fluid following cranial trauma, and 
Ward (1950) has seized on this fact in the use of 
atropine in the treatment of acute head injuries. 
Recently Eccles (1952), after the study of inhibition 
byperpolarization in single motoneurons, has con- 
cluded that humoral transmission within the central 
nervous system is likely. It seems probable, there- 
fore, that in the early primary phase some fits may 
be due to liberation of an excitatory transmitter 
by the trauma. 


Venous Thrombosis.—This condition is not in- 
frequently seen in the cortical veins at post-mortem 
examination when death occurs in the early days 
following trauma. Cerebral thrombophlebitis is a 
potent cause of epilepsy and may be responsible 
for focal or general seizures. It is known to have 
occurred in traumatic patients who have survived, 
and has been disclosed on numerous occasions at 
neurosurgical operations. It may therefore not be 


excluded as an early cause of fits after acceleration 
injuries. — 

Arterial Occlusion.—Pickering (1951) has recently 
discussed the transient effects of arterial thrombosis 
in the brain. The relation between thrombosis and 
trauma is well recognized. Small vessel thrombosis 
without infarction may occur in the brain and 
produce focal effects which can resolve completely 
with time. This type of pathology must therefore 


be admitted as another possible cause of early . 


epilepsy after cerebral trauma. 


Mechanical.—Yie high incidence of epilepsy, 
particularly focal epilepsy, with depressed fracture 
suggests that a local mechanical cause of fits may 
be operating. It may of course, not be direct, and 
the excitatory discharge may be secondary to 
vascular changes produced by the pressure. Cases 
have been seen by the writer in which focal or 
adversive attacks persisted until the elevation of a 
depressed fracture was performed, the fits ceasing 
immediately after removal of local pressure on the 
central cortex. 


Direct Neuron Trauma.—The — experimental 
evidence available indicates that the excitation 
threshold of nerve cells is not lowered by con- 
cussion. However, the fact that a generalized 
convulsion may occur immediately after trauma 
while the subject is unconscious, and that only a 
single fit may occur, may mean that direct neuron 
trauma can cause an epileptic attack. Rapid and 
complete recovery is the rule after molecular con- 
cussion alone without complication, and direct 
neuron trauma must be an unusual cause of seizure, 
confined perhaps to attacks occurring immediately 
after the injury. 


Reactionary Phase.—As suggested previously, the 
smooth slope of the incidence delay curve suggests 
a single cause of seizure from three months to 
18 months after trauma. In acceleration injuries 
the possibilities of humoral, vascular, mechanical, 
and direct traumatic effects have passed off at three 
months; the patient may be symptom free, has 


_been discharged from hospital, and appears to 


have made a good recovery apart perhaps from a 
mild persisting cerebral dysrhythmia. He then 
unexpectedly has a fit—usually a generalized attack. 
The incidence delay of the fit tends to be related to 
the P.T.A., and the suggestion is that in the 
reactionary phase the fit occurs at a critical stage 
towards the end of the period of recovery of cell 
integration. Damaged cells either recover or die. 
They undergo chromatolysis and proceed to 
dissolution and absorption, or the chromatolysis 
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persists, often for long periods, and the cells then 
gradually recover normal function, first as indivi- 
duals, then as integrated groups. This has been 
well shown by the work of Eccles (1952), who has 
described the changing pattern of monosynaptic, 
then polysynaptic, and, finally, monosynaptic 
reflex integration of anterior horn cells recovering 
from chromatolysis. It would seem reasonable to 
infer that similar but probably much more complex 
integrative processes také place at the cortical level 
after trauma. The fact that the reflex associative 
pattern is changing and a cell population under- 
going a differential recovery must imply instability. 
When a critical level of recovery is attained this 
instability might be expressed in the sudden local 
excessive epileptic discharge. This might, of course, 
happen anywhere in the cortex, but where is it likely 
to be more effective than at the site of maximal 
associative convergence, of maximal motor integra- 
tion, at the nodal point of motor control in the 
region of the central sulcus ? 

Physiological evidence shows that such instability 
in recovering neurons may be established in at 
least two ways: namely, by rebound, and by 
potentiation. 

Rebound, in the sense used by Sherrington, is the 
sudden excessive synchronous discharge of moto- 
neurons following a period of inhibition. Rebound 
is responsible for clonus ; essentially, it is based on 
synchrony and fulfils Hughlings Jackson’s concept 
of sudden, local and excessive activity. In closed 
head injury we may imagine during the recovery of 
cortical neurons that there is a period during which 
inhibition is prepotent. This may follow simply 
from reduction of trans-cortical excitatory processes 
by trauma while inhibition from deeply placed 
centres is relatively unaffected, or it may be due to 
transient polysynaptic inhibition at the cortical 
level while motoneurons are recovering from 
chromatolysis. Clinically, such inhibition is 
reflected in drowsiness, lack of interest, and reduc- 
tion of affect and motor display. Rebound then 
becomes likely as the recovering cell population is 
reintegrated as a functional entity. One fit only 
may occur or a number may be seen over a period. 
The epileptogenic phase is, however, transient ; it 
is not a fixed state, and it passes away, pari passu, 
as full recovery is reached. By definition, such fits, 
in acceleration injuries, would be generalized seizures 
for the most part, except for the rare case of focal 
damage, and these seizures should be expected to 
respond well to the anticonvulsant drugs. Clinical 
observation confirms both these facts. A similar 
result might follow if impulses were circuited around 
a damaged area to bombard adjacent cells. Potenti- 


ation might then occur and the degree of overactive 
instability reach an epileptic value. It is probable, 
however, that this mechanism is more likely in late 
cases where unstable cortex round a central scar 
may initiate the fit. 


Secondary Phase.—About 15% of the cases in 
the ‘‘ 190” series suffered a first fit more than two 
years after injury. It is felt that this group contains 
the severe post-traumatic epileptics. Here the 
epileptic state may be fixed and is not simply a 
reaction to transient pathology or to a stage of 
recovering integration. The seizures were mainly 
generalized, with onset in status in several cases. 
A few have been known to persist for years and 
require heavy sedation for their control. The great 
majority have an epileptiform dysrhythmia. Are 
these, then, not the cerebral scars with perimeters of 
unstable epileptogenic cortex? They are indeed 
a most interesting group and require more detailed 
survey than was possible in the present study. 


Concluding Remarks 


This study began with the general attitude that 
after acceleration injuries a small number of cases 
might suffer a fit ; that a number of these might be 
delayed for longer or shorter periods ; and that the 
fits were for the most part directly due to neuron 
injury. The conclusions which have been drawn, 
however, are that the incidence of fits rises quite 
rapidly as the P.T.A. becomes longer, and at the 
same time the fits tend to appear later. Incidence 
delay curves suggest three phases in reaction to 
trauma by convulsion. In the first phase fits may 
occur as the result of some supernormal excitatory 
state through which injured neurons must pass to 
attain integrated recovery, while in the third phase 
a fixed tendency towards convulsions is determined, 
probably by instability of neurons at the perimeters 
of dead cells. Finally, the much higher incidence 
of epilepsy in penetrating injuries may be related to 
a mass effect of neural disintegration, particularly 
when the wound is adjacent to the final motor 
pathway from the cortex. 


Summary 


Two thousand cases of closed head injury were 
studied from the war-time records of the Military 
Hospital for Head Injuries, Oxford. 

Five hundred of these were a relatively unselected 
group and the incidence of post-traumatic epilepsy 
was 6%. 

One hundred and ninety cases of traumatic 
epilepsy were considered in some detail. 
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Focal seizures developed earlier than did general 
seizures. 

Cases with a long post-traumatic amnesia (P.T.A.) 
had a higher incidence of epilepsy, and the fits 
developed after a longer time-lag than occurred in 
cases with a short P.T.A. 

Constitutional factors appeared to be relatively 
unimportant. 

The possible significance of the varying interval 
at which fits develop is discussed from the point of 
view of the aetiological factors concerned in 
traumatic epilepsy. 


This work was carried out at the Head Injury Advice 
Bureau, Oxford, with the aid of grants from the 
Rockefeller Foundation, the Research Committee of 
the Faculty of Medicine and the Department of 
Anatomy, Sydney University. 

I am indebted to the late Sir Hugh Cairns for his 
stimulating interest in these problems and to Dr. W. 


Ritchie Russell, who guided my work with the records at 
Oxford. 

I also wish to acknowledge the help received in 
personal discussions with Sir Charles Symonds, Dr. 
Greenfield, Dr. Denis Williams, Dr. Peter Daniel, Dr. 
Dawn Bosanquet, Mr. Joe Pennybacker, F.R.C.S., and 
Dr. Charles Whitty. 

Finally, I must express my indebtedness to my three 
daughters, without whose help in the detailed transcribing 
of case records at the Military Hospital, Wheatley, the 
work could not have been completed in the time available. 
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The halogen ions chlorine and bromine have Six cats weighing 28 to 3-2 kg. were used. Each 
long been considered to be extra-cellular tissue animal received an intraperitoneal injection of 0-2 g. 
electrolytes. Manery and Hastings (1939) concluded of ammonium bromide dissolved in 2 ml. of physio- 
from a study of the distribution of electrolytes in gical salt solution. At the time of the injection the 
mammalian tissue that the central nervous system 2UVitY of the injected solution was 35-4 mc. Seven 

; he “ti hich h ; hours later the animals were killed and the cerebellum 
rene: Adan be eager eppe d Pate poh agian removed. Cytopathological examination of different 


. . . regions in the central nervous system showed no signs 
is that the nerve cells of higher animals do not of radioactive injury. Small pieces of the hemispheres 


contain any halogen ions. Several studies show that were fixed according to a rapid freezing-drying method 
halogen ions occur in the nerve cells of lower (Gustavsson, 1952). After 18 hours of fixation the tissue 
animals (Bear and Schmitt, 1939; Steinbach, was embedded in liquid paraffin. Three hours later it 
1941). The present study aims at showing that 4S Cut into 5 or 10 thick sections. The sections were 
these ions also occur in the nerve cells of mammals, ™ounted on glass slides which had been treated so as 

Nerve cells from the cerebellar hemispheres of to make photographic film fasten on them (see following). 
ui died. We ch h bell The activity of each section was estimated in a Geiger- 
msotaneg tayo oMBicndte eae oe ae eae Miiller counting tube. The paraffin was removed by 


— ‘ . dropping warm ether on the slides. The sections were 
administered bromine than the white matter immersed in 1% solution of silver nitrate for one minute 


(Brattgard and Lindqvist, 1954a and b). Further- and then put into absolute alcohol. Some of them were 
more, a gyrus from the cerebellar hemisphere put directly into absolute alcohol saturated with silver 
contains several different kinds of tissue, a layer nitrate. They were tested after each treatment to check 
with many nerve cells (granular layer), a layer that they had not lost any activity. The radioautographic 
with few nerve cells but many dendrites (molecular film (Kodak autographic plate) was put on water and 
layer), a layer containing many medullated neurites then drawn over the sections. The film was exposed for 


oa five days in a temperature of + 4°C. in an exsiccator. 
(nerve fibre layer) and also a layer with isolated, The development was done in Kodak D 19b. The 
relatively large cells (Purkinje cells). 


sections were stained through the film membrane with 
celestine blue haematoxylin according to the Doniach 
Method and Pelc (1950) method. 

The plan we adopted was to inject ammonium bromide Two different tests were used to ascertain the amount 
containing the isotope **Br and to study how it was of background activity in the film. The paraffin block 
distributed in the cerebellar hemispheres seven hours from which the sections were taken was re-sectioned two 
later by means of radioautographic film sensitive to weeks later and another film exposed under the same 
beta radiation. conditions. Bromine activity drops to one thousandth 

The difficulty was to keep the bromine in the position _ of its original value after two weeks and so any darkening 
it had at death. It dissolves so easily in both water and __ of the film after that period must have come from the 
alcohol that the ordinary methods of preparing the ‘non-specific’? background activity. The other test 
tissue had to be modified. Mellgren (1952), with whom was done by exposing sections not treated with silver 
we collaborated, published a method for the radio- nitrate. The bromine was dissolved with water, as was 
autographic study of **Br in which the bromine ion’ established by study of sections in a Geiger-Miiller 
is precipitated with silver nitrate. When a section is counting tube. Any darkening in plates subsequently 
immersed in a 1% solution of silver nitrate for one exposed could then be assumed to be “ non-specific ”’ 
minute it retains its activity no matter what isdonetoit or background. Both tests showed only negligible 
afterwards. This method was used in the present study. darkening, diffusely spread over the whole film. 
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Results 


The investigation showed that the ®Br was 
unevenly distributed in different regions of the 
cerebellar hemispheres (Figs. 1 and 2). The film 
over the granular layer showed the most intense 
darkening. The molecular layer showed less and the 
least of all was seen in the nerve fibre layer. The 
three layers were fairly sharply demarcated from 


Fic. 2.—Radioautographic film on unstained section from the 
cerebellum. Note the more intense darkening over the granular 
layer (K) than the molecular layer (M) and nerve fibre layer (‘N). 
The darkening from the pial vessels is seen uppermost in the 
picture. X 170. 


Fic. 1.—Radioautograph showing distribution 
of. °*Br in the cerebellum. The film 
membrane was loosened from the under- 
lying tissue. Note the intense darkening in 
the convex granular layer compared with the 
“molecular layer and nerve fibre layer. < 170. 











vessel 





one another. In some sections there was intense 
darkening over the Purkinje cells, especially around 
their nuclei. The blood vessels produced powerful 
darkening in all the sections (Figs. | and 2). Fig. 4 
shows two granular layers and an intermediate 
nerve fibre layer from the same gyrus. Note the 
large difference in the darkening over the two 
granular layers. On more careful focusing with 
higher resolution and magnification (Zeiss pan- 
chromatic microscope, objective x 60, aperture 
1:0, ocular x 10, immersion fluid m = 1-52) it was 
possible to distinguish optically between the film 
layer and the stained section shown in Fig. 4. 
Fig. 5 shows a photograph when the darkening 
in the film layer was brought into focus. The 
darkening not only occurred over the intercellular 
spaces. It was also seen over regions in which the 
whole 5u thick section was composed of cytoplasm. 
Similar darkening was seen over the nuclei. In 
some sections it seemed to be more intense over the 
cytoplasm nearest the nuclear membrane. However, 
this condition was not seen in all the cells. 


Fic. 3.—Radioautographic 
film on unstained section 
from a gyrus in the 
cerebellum. Note the 
more intense darkening 
over the granular layer 
(K) than over the mole- 
cular layer (M). The 
region between these two 
layers shows more intense 
darkening over the Pur- 
kinje cells. x 60. 
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DEMONSTRATION OF ®BR IN NERVE CELLS 


Discussion 


According to the older literature, the halogen 
ions chloride and bromine do not occur intra- 
cellularly (see Goodman and Gilman, 1941, and 
Moller, 1941, for references). This conclusion was 
mainly based on studies on muscular tissue (Boyle, 
Conway, Kane, and O’Reilly, 1940; Fenn, 1936; 
Gersh, 1938; Manery and Hastings, 1939). It 
was assumed that the same was the case in other 
tissues, including nerve tissue (Manery and Hastings, 
1939). This made it difficult to explain the sedative 
effect of bromine on the cells of the central nervous 
system (Goodman and Gilman, 1941; Méoller, 
1941). In view of the results of our radioautographic 
study, the conclusion must be wrong as regards 
the nervous system of the cat. 

Steinbach (1941) demonstrated the intracellular 
presence of chlorine in axons from the squid. 
Bear and Schmitt (1939) showed that the axoplasm 
in nerves from Loligo has an ionic composition 
differing in some respects from that of the extra- 
cellular fluid. According to them, the ratio between 
intra-cellular and extra-cellular chlorine is 1:4. 
Wilbrandt (1937), studying the potentials in crab 
nerves, said that it was obvious that the nerve 
membranes were not completely impermeable to 
anions like chlorine and bromine. Several authors 
(Héber, 1947; Hodgkin and Katz, 1946) have 


assumed that chlorine also occurs intracellularly 


in the central nervous system of higher animals. 


ric. 4.—Radioautographic film on cerebellum stained with celestine 
blue haematoxylin. AtK, and K, are granular layers with about 
the same cellular density and same staining of the cellular 
structures. Note the large difference in the amount of shading 
caused by these two layers and the amount caused by them and 
the nerve fibre layer (N). x 350. 


Fic. 5.—Radioautographic film on cerebellum stained with celestine 
blue haematoxylin. The photograph shows a detail from Fig. 4, 
the region marked K,. The film layer is sharply focused and the 
black granules are distinctly visualized. Objective—Zeiss 
apochromatic x 60, aperture 0-95, compensatory ocular x 10. 
x 3,000 


The conditions found in lower animals tally 


well with our observations in the nerve cells of the 
cat. 


Summary 


A radioautographic study was made of the 
distribution of radioactive bromine ions in different 
regions in the cerebellar hemispheres of cats. 
It was observed that the bromine content was 
greatest in the granular layer, less in the molecular 
layer, and least in the nerve fibre layer. The 
bromine ion occurred both inside and outside 
the cells and in both the nucleus and cytoplasm. 
The observation of halogen ions within the nerve 
cells of a mammal is discussed in the light of recent 
chemical and physiological research. 
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FRONTAL LOBE WOUNDS CAUSING DISINHIBITION 
A STUDY OF SIX CASES 


BY 


HUGH F. JARVIE* 


From the Department of Neurology, Radcliffe Infirmary, Oxford, and the Military Hospital 
for Head Injuries, Wheatley 


The study of disturbed function following injury 
or surgical intervention has yielded a large amount of 
information about the effects of such injury when it 
involves the frontal lobes in man, and certain 
patterns of reaction have become apparent after 
frontal lobe damage. The significance of these 
patterns as indicators of the part played by the 
frontal lobes in the general organization of thought 
and behaviour is, however, less assured, and their 
relation to anatomical site within the pre-frontal 
area is still a matter of conjecture. 

The type of change which appears from case to 
case shows much inconstancy, although cases can 
always be identified which show a similar constella- 
tion of symptoms. Of these changes the most 
impressive are those in which character and tem- 
perament are profoundly altered. Thus, the self- 
respecting man becomes irreverent or inconsiderate 
of the feelings of others; uninhibited behaviour 
becomes apparent and may be of a degree to bring 
the individual into conflict with society and its laws. 
These striking changes in personality, which were 
first adequately described a hundred years ago by 
Harlow (1848, 1868) in the classic case of Phineas 
Gage, are rare but are of such a distinctive quali- 
tative nature that they form perhaps the most 
characteristic feature of the “frontal lobe syn- 
drome”. They can all on the whole be regarded as 
due to “ disinhibition ”’, that is to say, to a distur- 
bance of the mechanisms responsible for the control 
of behaviour in its social setting. 

When we come to study the phenomenon of 
disinhibition after frontal lobe injury two points of 
great significance emerge. First, changes in character 
and temperament due to disinhibition seem only to 
occur significantly in a minority of cases, and it is 
not generally possible to establish disinhibition in 
every case of frontal lobe damage. It may well be, 
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however, that subtle changes in this direction not 
easy of assessment do occur in many more cases. 

Secondly, when disinhibition is present the degree 
to which it occurs varies widely. This is because the 
disinhibition involves different aspects of the 
personality in different people, so that the aspects 
of the personality affected may have a variable 
social significance, making the new behaviour more 
or less offensive when taken within the context of 
the special fields of social control involved. 

In so far as the frontal lobes are concerned with 
inhibition, no understanding of their functional role 
in this respect will be complete unless answers can 
be given to these two questions, Why does disinhibi- 
tion seem only to occur significantly in a minority 
of cases? And why, when it does occur, does it 
involve different aspects of the personality in 
different people ? 

In the present paper six cases are described in 
which clear evidence of disinhibition was found 
following wounds involving the frontal lobes. They 
are taken from a group of 43 penetrating brain 
wounds in all sites which have been studied person- 
ally and in which changes in behaviour and intellect 
have been investigated. The majority of the 43 
cases had frontal lobe involvement. They form a 
part of a series of approximately 900 penetrating 
brain wounds in Service personnel from the last war 
and from Korea whose records are preserved in the 
Head Injury Bureau attached to the Military 
Hospital for Head Injuries. 


Method of Investigation 


Personality Studies.—In investigating changes in 
behaviour special attention has been given to pre- 
traumatic personality studies, and all available 
sources of information have been followed up, 
including interviews with relatives, reports from 
probation officers, visits by psychiatric social 
workers, and scrutiny of Army documents. 
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Intellectual Changes.—The estimation of intellec- 
tual changes after brain injury presents special 
problems, as various types of impairment in 
intellectual functioning may occur. 

In the present study the deficits in intelligence 
which have been investigated are deficits in con- 
ceptual activity. Intelligence is thus used in the 


sense in which it is defined by Wolf (1947) as the 
“mental function of apprehending connexions ”’, 
and it is the preservation or loss of this ability 
which has been especially studied. 


Method of Estimating Deficits.—Information with 
regard to pre-traumatic intelligence is often scanty. 
Some information can usually be obtained from the 
scholastic and occupational record of the patient, 
but this is often unreliable. 

Most methods devised to demonstrate intellectual 
impairment in organic cases are based on groups of 
tests, some of which show respectively some 
resistance or vulnerability to trauma. Thus, when a 
patient with traumatic deterioration is not dysphasic, 
his ability to reproduce vocabulary is usually 
preserved, and this is widely used as an indication 
of his pre-traumatic intelligence level, because it is 
generally true that the higher an _ individual’s 
vocabulary (i.e., the greater the number of words 
he knows) the higher is his intelligence in the 
conceptual sense. Provided certain limitations are 
recognized, this method should yield valuable 
results, and the tests used in this study are based on 
this principle. The tests are well known, but they 
have been re-standardized for the purpose of this 
investigation against a group of normal controls. 
They are the 1938 Raven Progressive Matrices, the 
Hartford Retreat Vocabulary (H.R.V.), and the 
Hartford Retreat Test (H.R.T.). These tests have 
been administered to the normal controls to 
estimate what levels of vocabulary on the H.R.V. 
are equivalent to what point scores on the matrices 
and on the H.R.T., the maximum score in ¢ach 
being: H.R.V., 40; on the matrices, 60; and the 
H.R.T., 20. 


Control Tests.—The controls used were 50 
soldiers aged 18 to 35 (median age 19) who were 
thus in approximately the same age-group as the 
men who had sustained the penetrating brain 
wounds. They were a sample of soldiers admitted 
to the general wards of the Military Hospita! for 
Head Injuries suffering from medical and surgical 
conditions, the only criterion in their selection being 
that cases with brain damage and psychoneurosis 
were excluded. 

The results have been plotted on Fig. 1 and the 


Matrices 


median score on each 
test for the whole 
group has been super- 
imposed as a thick 
line. The median 
score on the matrices 
in the sample is 43, 
while Raven’s median 
score for this age- 
group is 44, cal- 
culated from _ the 
natural scores. of 
several thousand 
soldiers and civilians 
(Raven, 1950). 


In this control 
group, therefore, the 
median score on the 
matrices is 43, in the 
H.R.V. 26:5, and in 
the H.R.T. 14. 


The distribution of 
the results in these 
50 normal controls 
shown on the diagram demonstrates a wide scatter 
between the ability to reproduce vocabulary and 
to perform conceptual tests, especially in the 
lower and medium intelligence levels. It can be 
seen, however, that when the higher vocabulary 
levels are reached the results on the matrices and 
H.R.T. tend to equate more consistently with the 
vocabulary scores, as shown by the greater number 
of lines going almost straight across. In using such 
a method as this, therefore, to estimate the presence 
or otherwise of intellectual impairment, it is 
necessary to avoid drawing conclusions which are 
not justified in view of the range of the normal 
sample. 


Most of the injured men were enlisted from 1942 
to 1948 and were given intelligence tests as part of 
the personnel selection procedure, and these results 
are still available for some of the cases. In this 
personnel selection procedure the principal test used 
was the 1938 Raven Progressive Matrices. 


In addition, cases treated at the Military Hospital 
for Head Injuries in 1944-45 were tested in the early 
stages of brain injury by the late W. R. Reynell, 
who used a series of tests of which the 1938 matrices 
was one. It has thus been possible in certain cases 
to demonstrate sccres on the same test, i.e., the 
matrices, at different stages in the man’s history— 
at Army entry, in the early stages after brain 
wounding, and several years after the injury when 
tested by the author. 


H.R.V. H.R.T. 
40 60 20 


0 0 0 


Fic. 1.—Chart showing distribution 
of test scores in 50 normal 
controls. The thick line 
represents the position of the 
median score on each test. 
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In the case of men recently wounded in Korea 
no comparison has been possible between the 
matrices score before and after wounding. A 
comparison has, however, been possible on another 
test. Since 1948 the Army has used as part of its 
personnel selection procedure a test called the Army 
Dominoes. This is still a confidential test, and 
details of it cannot be given ; it is sufficient to say, 
however, that it is based on the same general 
principles as the matrices, i.e., it is a pattern test, 
and is graded like the matrices in the same percentile 
groupings: Grade I (S.G. I) at or above the 95 
percentile score for testees of his own age group 
(intellectually superior) ; Grade II (S.G. II) at or 
above the 75 percentile score (definitely above 
average) ; Grade III (S.G. III) between the 75 and 
25 percentile scores (mentally average) ; Grade IV 
(S.G. IV) at or below the 25 percentile score 
(definitely below average); and Grade V (S.G. V) 
at or below the 5 percentile score (intellectually 
defective). The maximum point score on this test 
is 48. 

In order that some visual representation may be 
given of the presence or otherwise of intellectual 
impairment as shown by these tests, a chart has 
been constructed (Fig. 2) on which the results in 
each case can be plotted. For this purpose the 
scores given on the H.R.V. have been divided 
arbitrarily into three groups, i.e., scores lying 
between 11 and 20, 21 and 30, and 31 to 40. The 
median scores in each of these three groups with 
the equivalent median scores on the matrices and 
the H.R.T. have been traced on the chart. On 
facsimiles of this chart the results of intelligence 
testing in the six brain-wounded cases have been 
recorded (Figs. 4, 6, 8, 10, 12, 14) ; the result of the 
Army Dominoes, where administered, has been 
plotted on a fourth column. 


Absolute and Functional Impairment.—In all these 
tests, with the exception of the matrices, the subject 
scored his own results. The Army Dominoes test 
was limited to 20 minutes so as to repeat the con- 
ditions under which it was administered on Army 
entry, otherwise none of the tests was strictly 
timed 

In the case of the matrices, the author scored and 
the subject read out his answer to each example. 
This formed a valuable means of studying test 
performance, and patients taking an abnormally 
long time, experiencing difficulties, or showing 
carelessness in attempting the test, could be identi- 
fied. In every case the aim of the testing was to see 
how well the patient could do, and not how badly. 
Under these circumstances of testing it became 
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obvious that two types of impairment could be 
recognized. In certain cases there was an absolute 
impairment which was shown by the inability, even 
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Fic. 2.—Recording chart for mental test results. 
The transverse lines represent the position of 
the median score on each test in the 50 
normal controls in three vocabulary ranges 
of the H.R.V. test. These control lines appear 
as a background on subsequent charts on 
which the results of mental testing in the 
brain wounded cases are recorded. 


when the subject was trying hard, to see through the 
more complex relations involved in the conceptual 
tests. In these cases the subject failed to reach the 
expected level in all the tests used with the exception 
of the vocabulary. 

In other cases a functional impairment in test . 
performance was noted by a careless and erratic 
response or in fluctuations between tests. When 
this was apparent on the matrices and the patient 
was producing a score lower than was thought 
justifiable, then he was given an opportunity to 
correct his mistakes once only, and a corrected 
score on the matrices was obtained. This corrected 
score is also shown on the recording chart in certain 
of the six cases. 


Case Material 


In the six cases now described disinhibition has 
occurred predominantly in sexual behaviour in three 
cases and in simple social behaviour in three. 


Disinhibition in Sexual Behaviour.—Case 1 has 
already been briefly reported by Russell (1948). 


Case 1 (M.R.C. No. 203).—This 19-year-old private 
was wounded on August 6, 1944. Sixty hours after 
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Fic. 3.—Tracings of skull radiographs in Case 1}. 
Metallic foreign body wandering from track 
in right frontal lobe to left anterior fossa. 


L 


Ps 


wounding he was conscious, drowsy, restless, and 
disorientated. There was a wound in the right frontal 
region, with a large metallic foreign body 3 x 1 x 1 cm. 
embedded at a depth of 6 cm. downwards and 
forwards. 

On admission to the Military Hospital for Head 
Injuries on August 9 he had a left hemiplegia including 
the face. He gave monosyllabic answers to simple 
questions and was quiet and drowsy. By August 15 he 
was fully conscious, rational, and cooperative, correctly 
orientated as to place and remote happenings, and gave 
a good account of his home, regiment, and Army 
career, but was disorientated for time and recent events. 
A radiograph taken on August 13 showed the metallic 
foreign body (a bullet) now lying on the floor of the left 
anterior fossa (Fig. 3). At operation on August 21 
(Brigadier Cairns) it was removed, the dura being 
opened along the lateral edge of the left frontal 
lobe. 

The course of this bullet from the depths of the wound 
track deep in the right frontal lobe to the subdural 
space of the left anterior fossa is a matter of conjecture. 
A radiograph taken on August 9 suggested that the bullet 
lay in the trigone of the right lateral ventricle, but it was 
the opinion of Sir Hugh Cairns that the missile was 
actually subdural and that it eventually reached the left 


anterior fossa by passing across the subdural space on the 
inferior surface of the frontal lobes. This would suggest 
that the left frontal lobe was left intact. 


After operation the patient’s course was uneventful, 
and by August 23 he was conscious but lacking in initia- 
tive and frequently incontinent of urine. By September 7 
he was mentally alert and rational, was still incontinent 
at night, and was not yet fully orientated in time. By 
September 19 he was fully orientated and no longer 
incontinent. By the time of his discharge on November 9, 
1944, he appeared to have made a good physical recovery. 


Early in 1947 he was put on probation after being 
found guilty of several minor charges of housebreaking, 
when his father reported as follows: “‘ Since my son’s 
discharge from the Army he has shown no power of 
concentration whatsoever. He is unable to remain still 
for any length of time, walking from room to room. 
He sleeps abnormally long hours and has an enormous 
appetite. He shows no interest in any hobby and never 
completes anything he may start. His language is obscene, 
and his chief conversation is about sex; this began 
from his first conscious moments in hospital when he 
said that all the nurses were prostitutes. Notwithstanding 
the fact that sex predominates in his mind, he has not 
shown any zeal or over-interest in running after girls, 
and I have no reason to think that I should have any 
worry from this.” 


When examined in October, 1951 (H. F. J.), he was 
noted to have certain stereotyped habits, yawning 
frequently, and when smoking a cigarette he would do 
so with a peculiar jerky, sucking movement. His brows 
were continually furrowed, and he gave the impression 
of being “* worried ’’. The basic charm of his personality 
was, however, still evident. He was of rather immature 
appearance. 


After a latent period of a few minutes at this interview 
(he had not seen the examiner before), he plunged into 
sex talk quite spontaneously, opening the conversation 
with “* you see, it’s the sex problem”. He described a 
recent liaison with a woman of undesirable character 
which was still continuing—‘‘ She is crazy about me. 
I don’t see how any girl could be crazy about me.” 
He admitted intercourse “once or twice”. “Is it 
wrong ?”’ “* Why do you ask if it is wrong? Don’t you 
know ?” “ Well, it’s in the Bible and all that sort of 
thing, in the Commandments.” In his talk on sexual 
matters he expressed many prejudices about the sex 
activity of people of other nationalities, especially 
American servicemen. His first sex experience of signi- 
ficance was at the age of 15, when a young girl allowed 
him to handle her breasts. Afterwards he was terrified, 
and pleaded with her not to tell her parents. He was even 
more terrified when she told him she was menstruating. 
At the age of 17, shortly before he joined the Army, a 
young married woman, the wife of a serviceman who 
was then overseas, induced him to have intercourse with 
her. 


He admitted that since adolescence he had been 
addicted to reading cheap American magazines of a type 
describing sex play. He described a phenomenon of 





18 HUGH F. JARVIE 


considerable interest, namely, an aversion to seeing any 
socially permissible sexual activity on the part of other 
people. If he goes to a cinema and sees a young couple 
kissing, he has to get up and go out. When asked why, 
he stated, “‘ I get a feeling in the pit of my stomach. I 
suppose I want to be doing it too.” 

In the analysis of his sex talk (and this will be dealt 
with fully later) it is obvious that it is in the nature of a 
protest against sexual activity in general. The American 
serviceman who arrived with a naked woman in the 
back of a taxi is “‘ indecent ’’, so are the pictures of 
scantily clad girls in certain Sunday newspapers. 

He then described how difficult it was for him to be 
aroused to anger. The other patients attempt to do it 
but he tells them, ‘“*‘ You know if I liked I could knock 
you all through the window.” When asked why he did 
not, he replied, ‘“* Well, you see what they are (disabled 
ex-servicemen). How could I?” He also stated, ‘* I used 
to be so different, so quiet, so timid ; now I talk on and 
on.” 

When the patient was visited at home by an experienced 
psychiatric social worker (A.E.) he was well dressed and 
groomed. He talked incessantly about himself for an 
hour and a half. After a few minutes’ acquaintance he 
plunged into shockingly uninhibited conversation, 
although he was seeing the lady visitor for the first time. 
The following is a sample : 

“Yanks are beasts. Every girl in —— is carrying a 
child by a Yank. Two of them raped a girl of 15. Sex 
is my dominating feature. I like sex books—Lady 
Chatterley’s Lover. Vve read —— this and that —— I 
wonder if Lady Chatterley ever lived, the most filthy- 
minded bitch——. I read Hank Janson. That’s a new 
one on you. Always girls. In his books men are always 
mixed up with some woman’s blouse or thighs. The 
price list of a little babe when it’s illegitimate, 30s. a 
week until it’s 21. I know I am a nuisance. I can’t 
keep off sex talk.” 

“I read about Mother India once. What these 
Indians do to their women. They just put their hands 
into a pregnant woman and pull the baby out. And if it 
won’t come out they stuff cow-dung into the womb. 
Fancy, cow-dung. The filth.” 

The following account was obtained from his father : 

“* As you have seen my son now, so he is all day long. 
All day he follows his mother around, he never leaves 
her, he never goes out except for a packet of cigarettes, 
he can settle to nothing, he can do nothing, he uses sex 
talk of the character you have heard all day. The only 
time he shuts up is when we have visitors, and then he 
will be silent for a while until he gets used to them, then 
it starts all over again. Before his wound he was a 
delightful child. He was evacuated during the war and 
stayed with my sister. I know he was well disciplined 
there ; my sister would stand no nonsense. He went to 
private schools, as he didnot get on at the primary 
school. He was not an intellectual type of boy, but he 
was average. He was not a boy interested in sex. When 
my boy and girl were aged 8 and 10 respectively I told 
them all they wanted to know. From early childhood 


H.R.V. Matrices 


they were bathed to- 
40> , 60 


gether. Nothing hidden, 
nothing to be ashamed 
of. That was the idea. 

— When he joined the 
ti Army and went to his 
}----4 Attempt: ['? first unit there were 
_ 21044 | a lot of Americans 
there. They were mad 
for the girls and had 
the money to get them. 
My boy didn’t. He got 
mad at the Americans 
then. It is my opinion 
that when he had the 
injury the Americans 
were uppermost in his 
mind, and they stayed 
there, only a hundred 
times more so, _ the 
feeling he had about 
them. He never seemed 
to take much notice of 
girls before then, either 
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Fic. 4.—Mental test results in Case 1. 
No pre-traumatic scores were 
available in this case. 

at school or work. I 
think he is jealous really of the Yanks. He has 
become very easily led, no regard for right or wrong. 
No regard for money. He has no resentment about his 
injury. No feelings about war. No feelings at all, I 
don’t think.” 

The father added this extremely interesting and 
important comment: “In spite of his undiluted sex 
talk, he is really rather prudish. Anything on a film 
upsets him and he will come out if he feels it is slightly 
indecent. He was always rather a modest type of boy. 
He would not enter a bathroom where his sister might 
be washing or where she might be slightly unclothed.” 

It is difficult in this case to draw categorical conclusions 
about the presence of absolute intellectual loss ; intel- 
lectual functioning is, however, impaired (Fig. 4). 
When tested by the author on August 31, 1952, the 
patient’s basic score on the matrices was 28. He was 
able to correct this to 36. However, when tested on 
October 2, 1944, by Dr. Reynell, he produced a basic 
score of 35 and a score of 44 on a second attempt. This 
last score is within the range expected by his vocabulary 
level (26), and it is confirmed by the history that he was 
only of average intelligence and, indeed, had some 
difficulty in schooling. Moreover, his distractability 
was such that it might well be a factor interfering with 
adequate test performance. No pre-traumatic scores 
were available in this case. 


When the case is analysed certain points emerge 
which are important to the understanding of the 
changes which have taken place 


First, there has been an apparently complete 
change in personality, in this case amounting to a 
reversal. A boy who has been variously described 
by his father as “a delightful child”, “‘ a rather 
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modest type of boy ”’, “‘ not a boy interested in sex ”’, 
and by the patient himself as ** so quiet, so timid ”’, 
has become garrulous and immodest, continually 
talking about sex. Yet when this sex talk is analysed 
it can be seen that it is not primarily lascivious, but 
is in the nature of a protest against sexual activity. 
As far as physical sex activity is concerned, although 
there have been incidents before and after wounding, 
there is no gross loss of control; but concealment 
and judgment are lacking in his personal relations. 
There has, however, never been any question of 
indecent behaviour in public (apart, perhaps, from 
talk) nor of sexual crime. 

The sex talk is, of course, not the only change 
which has been noted. He has become restless and 
distractable, facile and easily led. There is a marked 
restriction in the normal flow of thought which 
becomes readily dominated by his sex ideas. The 
appearance of these sex ideas is, however, the most 
prominent change. It would be entirely illogical to 
assume that the brain injury is responsible for their 
implantation ; it has, however, revealed them. 

In the study of this case there is good evidence of 
preoccupation with sexual matters before wounding, 
and he was addicted to reading books of a sex type 
before injury. What seems to have happened is that 
the existence of a conflict, previously adequately 
inhibited and concealed, has now been revealed. 


In psychopathological terms, strong tendencies 
towards sex expression had been partially sublimated 
in phantasy and in reading books of a sexual type, 
with occasional active sex expression, the whole 
being repressed to such a degree that it gave rise in 
the personality to a reaction formation in which he 
appeared externally modest, not interested in sex, 


rather prudish, quiet, and timid. The external 
appearance of such a personality bears, of course, 
no relation to the strength of the impulse life 
underneath. 

In physiological terms, because of strong tenden- 
cies, strong inhibition was necessary to keep them 
under control; thus, he appeared to be over- 
inhibited. Nevertheless, the inhibition is successful 
even after injury in that the more primitive aspects 
of sex behaviour still remain largely inhibited, but 
sexual talk becomes prominent. This represents the 
coming to the surface through disinhibition of a 
conflict present at the time of injury, the expression 
of which required under normal circumstances 
continued inhibition. 

Even now much excitement can be induced by his 
witnessing the simplest manifestations of normal 
sex activity. Nor is control entirely absent as far 
as his sex talk .is concerned : the latent period before 
he begins talking in this way with strangers is very 


short indeed, but he does not begin immediately in 
these circumstances. 


Case 2 (M.R.C. No. 188).—This 24-year-old corporal 
was wounded on August 4, 1944. The metallic foreign 
body entered the left frontal parasagittal region about 
1-5 to 2 cm. to the left of the midline and 5 cm. above 
the supra-orbital margin, crossed the midline, and 
lodged in the floor of the right orbit, severely damaging 
the right eye, which eventually required enucleation. 

At operation on August 6 (Lt. A. N. Guthkelch) the 
bone defect in the left frontal region was enlarged to 
3 <x 4 cm. and the dural tear enlarged to the limits of 
the defect. The cavity in the left frontal lobe was sucked 
out and the falx was seen to be torn. A cavity in the 
right frontal lobe was also sucked out. Five bone chips 
were removed. An x-ray examination on August 9 
showed an operative defect in the upper part of the left 
frontal bone, 3:5 cm. in diameter, extending almost to 
the midline. From this defect three bone fragments 
were driven into the midline, the lower to lie just above 
the genu of the corpus callosum (Fig. 5). 

An air encephalogram carried out on September 28 
showed the upper and central part of the frontal lobe 
to be occupied by a series of large porencephalic cysts on 
the right side, extending to the tip of the frontal pole. 


Fic. 5.—Tracings of skull radiographs in Case 2. 
A metal fragment entered by the left 
frontal parasaggital region and lodged 
in the floor of right orbit. Bone chips in left 
frontal lobe just above the corpus callosum. 
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The right lateral ventricle was filled and its outline was 
within normal limits. In none of the pictures did there 
appear to be any filling of the left frontal horn. 

A further radiograph on November 2 showed that the 
multiple porencephalic cysts on the right had coalesced 
to form a large aerocele which communicated with the 
ventricular system. 

An air encephalogram on December 7 showed air 
in the right lateral ventricle only. This communicated 
anteriorly with a large cerebral cyst which lay above 
and anterior to the frontal horn. The body of the 
ventricle was normal in position, with no evidence of 
shift. 

When admitted to the Military Hospital for Head 
Injuries on August 7 he could give no history of his 
wound and could not remember going to France. He 
knew he was in hospital in Oxford. his name, age, and 
the year, but said the month was November. He was 
drowsy and slightly irritable. The right eye was ex- 
ophthalmic, with periosteal haematoma; power was 
equal and good in the arms, and he was able to move 
both legs. 

The next day he was restless and kept pulling the 
dressing off his head. By August 10 he was less drowsy, 
but now thought that he was in France. He knew the 
month and the year and said he felt better. By August 14 
he lay still in bed with his eyes closed and was very 
drowsy and apathetic. When roused he cooperated 
fairly well for a minute or so and then relapsed. 

By September 5 he was still drowsy but cooperative 
on examination. 

His memory for events before the injury had come 
back to a point shortly before he was hit, and the post- 
traumatic amnesia was about a week in duration. He 
answered questions quickly and intelligently but did not 
volunteer information. He gave the impression of being 
a tired, bored man. 

On September 11 he was reported to have been 
drowsier during the preceding three days and lay in bed 
sleeping. He answered reasonably when questioned, but 
slowly and after hesitation. Two days before he had sat 
for an hour with a thermometer in his mouth, owing to 
an oversight on the part of the nursing staff, and had 
made no objection. 

By October 5 he was still wetting his bed at times. He 
answered quickly and intelligently to questioning and 
cooperated fully on examination, but with an air of 
bored unconcern during the procedure. He had some 
weakness of hand grip and wrist movements on the left, 
but there were no other abnormal signs. 

By October 28 he was getting up again and there was 
no further incontinence of urine. He developed a C.S.F. 
rhinorrhoea, and on November 7 hac an operation 
performed for dural repair (Major Calvert), at which 
fascial grafting of a large hole in the dura over the 
posterior wall of the right frontal sinus and a second 
large hole over the left frontal sinus was carried out. A 
scar in the left frontal lobe containing two bone chips 
and possibly a third was excised from the point of entry 
through the cortex down through the remnants of the 
falx to the cystic area in the right frontal lobe. 


The following extract from Major Calvert’s operation 
notes is given in detail so that an accurate picture may 
be obtained of the amount of frontal lobe tissue 
destroyed in this case : 

** A transverse incision was made in the dura over the 
right frontal lobe. The frontal pole was found herniating 
down through a hole in the dura and the cranial wall of 
the right frontal sinus and anterior ethmoids. The brain 
was here cut through at the base of the protrusion, 
leaving the herniated portion in situ. The right frontal 
lobe was occupied by a large cyst, communicating with 
the right ventricle. This was opened, with the escape of a 
large quantity of C.S.F. It was found that the cyst 
extended to the midline and was adherent to the left 
frontal lobe through a large defect in the falx. 
The hole in the dura on the right side measured 
1:5 x 1:25 cm. 

** A similar transverse incision was now made over the 
left frontal pole. There was a hole in the dura over a hole 
of similar size in the posterior wall of the left frontal 
sinus through which brain was herniating. The pro- 
truding brain was cut off at its base, leaving the herniated 
portion in situ. The left frontal scar was dissected out 
from the cortex level down through the left frontal lobe 
to the wall of the cyst in the right frontal lobe and to, 
but not into, the anterior horn of the left ventricle 
posteriorly.” 

His progress during the next three weeks was stormy, 
with fluctuating temperature and increased clumsiness 
of the left hand. He had periods of drowsiness, when he 
became irrational and disorientated, and incontinence 
reappeared. 

On January 3, 1945, he had an epileptic attack, and 
by then his general condition was improving. During 
the morning he lay in bed, sleeping or doing nothing, 
but got up in the afternoons. His wife stated that he 
tired quickly in conversation and after a short time 
would make nonsensical remarks; she regarded his 
mental state as greatly improved as compared with two 
weeks previously. 

He was invalided home in February, 1945, and no 
further information apart from a routine report was 
obtained until 1951, when his wife complained of the 
behaviour which she had had to put up with during the 
last six years : the patient showed no control of sex, was 
irritable, and ill-treated her and the children. 

‘**T hardly know quite when my husband is telling me 
the truth. He will do things and deny any knowledge of 
them. He argues over trifles and one day struck our son, 
aged 6, hitting him so hard on the side of the head that 
I feared the child might become ill. Perhaps the most 
trying part has been his attitude to sex. He is not content 
with having intercourse once but will try to go on all 
night and has said on occasions that he would like to 
treat me as a woman of the streets and rape me. His 
employer came to see me to tell me he was so difficult 
and rude to people at his work. He indulges in petty 
pilfering, bringing home such things as toilet paper, 
bottles of ink, labels, and string. He says he must be 
sadistic, as he likes to see me upset. He seems to have no 
initiative and has to be helped along all the time.” 
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The wife gave the following account of the patient’s 
background and pre-injury personality : 

“His father is a very quiet man while his mother is 
possessive. He was not allowed to make any noise in the 
home. The clothing he was forced to wear was often the 
subject of laughter at school. He had a temper, but could 
control it. His disposition was quiet and rather reserved. 
He mixed quite well with people once he knew them. 
He was absolutely honest, and fond of children. He 
seemed rather under his mother’s domination. He was 
not fond of games. He enjoyed Army life. He was 
always ready and willing to go to work. In his sex life 
he was normal and considerate.” 

When examined in January, 1952 (H. F. J.), the patient 
made little attempt to deny the facts as described by his 
wife. He admitted his wife complained of his excessive 
sexual desire and thought it was true that his sex feeling 
had increased since injury. He admitted it was more 
difficult for him to control himself in this and other 
ways, such as in his hasty temper. Before wounding he 
was rather reticent and tended to keep out of things. 
Now he is inclined to talk about himself, and if he hears 
other people boasting, for example, about their war 
experiences, he has to go one better. Hastier in temper, 
he loses control over stupid things ; he has a feeling of 
inferiority towards his wife, who, he states, is of a 
superior class to himself. He has always had a sense of 
inferiority and used to be ashamed at school because his 
mother made him wear long drawers and the other boys 
laughed at him when he stripped for games. The home 
was pretty strict when he was a child, with mother 
“ruling the roost’. ‘* Mother made the decisions ; 
father was a quiet man. Mother was quick-tempered 
and dominant. Sex was taboo; its existence was 
ignored.” 

The patient stated that he had been talking more 
since the wound. “I must talk about myself and boast 
of what I have done. Normally I would be inclined to 
keep it all to myself. My wife complains I don’t wash, 
and it takes me all my time to get up. My reactions are 
slow.” 

** Even now I am afraid of anyone in authority and am 
reluctant to ask for a private interview. I get panicky 
when I have to see a doctor. I couldn’t care less about 
most things, yet when I have to see a doctor I get scared 
and shaky all over. Now I am inclined to brag ; before 
I was a quiet little boy, I didn’t dare say anything. I 
was under the rule of my mother’s stronger personality. 
I have less conscience now. I no longer have the ability 
to worry or care. The finer edges of my perceptions have 
been blunted. I have become less honest. If I see 
cigarettes lying about I will take them from the other 
chaps. Before, I wouldn’t have done that. I am carefree 
about money now. Before, I was a bit of a tight-wad ; 
now I am more extravagant. At school I used to be 
frightened of games. I was frightened of the other boys 
and even of the girls.” 

Physically he is well and free from occasional attacks 
of traumatic epilepsy for over four years. 

The following additional information was obtained 
from a home visit (A. E.). 


** The wife stated that he was always sexually demand- 
ing even before injury but that his demands have now 
intensified. Instead of coming home from work he goes 
to the local public houses and discusses her and his 
relations with her in public. He masturbates openly in 
front of her and keeps saying he should have a love 
affair with someone of 17. The father was a quiet, 
pleasant, controlled, stable person. The mother, who 
was an emotional, maternal type of woman, wept 
readily at interview. They stated that the patient was a 
* model boy ’—‘ so good you would never notice him. 
Quiet, orderly, we hardly had to correct him at all’. 
Now he is garrulous where he had been quiet, boastful 
where he had been modest. The mother thinks that the 
talk and boasting is a cover for the feeling of inferiority 
which she says still lies behind it all 

The boy appeared to have had a normal upbringing 
for his station, and sex was never discussed in the home. 
The mother admitted that her son had basically changed 
but discounts to some extent the history of his sexual 
behaviour, about which of course she can have no real 
knowledge apart from what he tells her. Both parents 
are aware that he might take to drink and are aware that 
he has begun to frequent public houses, unlike his 
normal habit. He is boastful about the future, but they 
think it is only talk.” 

In spite of the severe destruction of frontal lobe 
tissue there is very little in the way of intellectual 
impairment, if any at all (Fig. 6). When tested in the 
early stages of his injury on September 6, 1944 (W. R. 
Reynell), he was reported to be a “‘man of superior 
intelligence, showing little evidence of impairment ”’. 
The matrices were not done at this time. On January 9, 
1945, when recovering from his severe set-back, he 
produced a point score of 31 on the matrices. This score 
is an indication of his poor intellectual functioning at 
this stage in his recovery. When tested on February 19, 
1952, by the author he 
i — “R} was able to produce a 
score of 51 on the 
matrices and 17 on the 
H.R.T. These scores 
r 50 were within the ex- 
pected range for the 
vocabulary level 
reached (38). The only 
information about his 
pre-traumatic mental 
testing which could be 
obtained from his Army 
documents was that he 
was graded as S.G. I. 
The actual score on the 
matrices was not given, 
edie but the information 
4.8.44 available would indic- 
i ate that it was in the 
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Fic. 6.—Mental test results in Case 2. 
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(S.G.) was probably assessed on other tests as well as 
the matrices, of which a vocabulary test would be one. 
It is a reasonable conclusion, therefore, allowing for 
this and for some slight deterioration in performance 
due to ageing, that he is functioning at much the same 
level as before injury. 

This case shows many similarities to the previous 
one. A man regarded by his parents as a “‘ model 
boy ”, “‘so good you would hardly notice him ”, has 
become garrulous and boastful, indulging in petty 
pilfering. As in the previous case, the patient 
himself is aware of the change in his personality. 
“* 1 used to be reticent and keep out of things. Now 
if I hear people boasting I have to go one better. 
Before, I was a quiet little boy, I didn’t dare say 
anything. I was frightened of the other boys, and 
even of the girls.” 


As in Case 1, aspects of the inhibitory process are 
still apparent, because, as he says, he still becomes 
panic-stricken when faced with anyone in authority. 

His sexual behaviour has become uncontrolled. 
It should be noted, however, that there is no evidence 
of promiscuity. The nature of his pre-wounding 
sexual behaviour is equivocal, as his wife gives two 
versions, saying that he was previously considerate 
and at another time that he was always sexually 
demanding but that this has intensified since injury. 
She also produced evidence that his temper was 


uncertain before injury but he could control it. 
Thus, in this case also, under the cover of an 
externally over-inhibited personality, there is evi- 
dence of tendencies being present before wounding 
in the direction of the disinhibited behaviour. 


Case 3 (M.R.C. No. 621).—This 25-year-old sergeant 
was wounded on February 19, 1945, the metallic foreign 
body entering through the left orbit, disorganizing the 
left eye, one fragment being retained in the ethmoidal 
cells of the same side and one crossing the midline to 
lodge in the right parietal lobe (Fig. 7). 


On admission to a casualty clearing station on the 
same day he was drowsy but conscious, with loss of 
motor power in the left arm and leg. When injured he 
was knocked down but remained partly conscious. 
Position sense was lost in the lef. arm and leg, and there 
was decreased appreciation of pin-prick on the left side. 


On admission to the Military Hospital for Head 
Injuries on February 21, 1945, he was conscious and 
orientated. He remembered being wounded and a field 
dressing being applied, and then no more for about 36 
hours. 


A radiograph was reported on as follows: ‘“‘ The 
bullet lying in the right parietal region appears to have 
passed through the floor of the left antrum, then through 
the floor of the medial wall of the left orbit close to the 
cribriform plate and opening the posterior wall of the 
frontal sinus.” 


Fic. 7.—Tracings of skull radiographs in Case 3. 
A metal fragment entered the left orbit and 
lodged in the right anterior parietal region. 


By March | the left hemiparesis was noted te have 
improved, but was still marked in the face. By March 14 
he was sitting up in a chair and walking a few steps. 
Mentally, he was reported bright, with a dry sense of 
humour. On examination there was bilateral anosmia, 
diminished power in the left arm, and a left facial 
paresis of the upper motor neuron type. No sensory loss 
could be demonstrated. 


On March 13 a fascial repair of the dura was under- 
taken (Major Calvert). A large hole was found in the 
dura and the underlying bone, corresponding to the 
roof of the orbital extension of the left frontal sinus and 
the roof of all of the left ethmoids, and extending 
posteriorly slightly over to the right of the midline to 
implicate the roof of the right posterior ethmoids. The 
orbital surface of the left frontal lobe was herniating 
down through the defect in the floor of the left anterior 
fossa. The herniating brain was cut through flush with 
the floor of the anterior fossa leaving the herniating 
portion in situ still filling the hole. The tear in the dura 
measured 3 cm. x 1}. 

By April 4 he was alert and cooperative. There was 
a severe left lower facial weakness equally present in 
voluntary and associated movement ; a left hemiparesis 
with maximum incidence in the arm, but no sensory 
disability, could still be demonstrated. 

The patient was subsequently discharged, but re- 
admitted for review in October, 1945. A radiograph 
showed the metallic foreign body still in position but 
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lower and more anteriorly than previously. An air 
encephalogram showed enlargement of the right anterior 
horn and anterior part of the body of the ventricle, 
which bulged towards the side of the lesion. There 
was no gross ventricular shift. 

On discharge he was distractable and restless, and his 
wife accused him of never being in. He was drinking 
much more than was his normal habit. A few months 
after his return to civilian life he was. before the courts 
on two separate charges of indecent exposure. Since 
that time he has served several prison sentences in 
various parts of the country for similar offences and also 
for failing to maintain his wife. Apart from casual 
labouring jobs, he has been unemployed. His wife now 
refuses to have anything to do with him. 

When interviewed in June, 1952 (H. F. J.), he gave the 
following account of himself: ‘I class myself as a 
dreamer ; perhaps I am dead lazy. I can’t seem to settle. 
| am drinking more and talking more. I have become a 
sort of *‘ know-all ’.”” 

He strongly denied any tendency to exhibitionistic 
practices before the wound. The incidents of indecent 
exposure often occurred after drinking and they were 
“ invitations ’’ to sexual relations; he was overcome 
with strong sex feeling which required relief. He stated 
that his sex feeling had increased since the wound ; his 
wife told him that * sex was all you married me for” 
and complained of the roughness of his sexual approach, 
although she had made no such complaint in the early 
months of the marriage, which had taken place in 1943. 

In spite of all this, he is fully aware of the fact that his 
conduct is reprehensible, and he blushed when relating 
the incidents of indecent exposure. He realizes that he 
has diminished control in sexual matters and has 
associated feelings of guilt and a sense of shame. 

He gave the following account of his home back- 
ground : 

** My home was strict. I can truthfully say my father 
was the only man of whom I have ever been afraid. 
He was a man who laid down the time we should get up 
in the morning and the time we should go to bed at 
night. Sex was taboo. Although he took his drink, we 
’ were not allowed to drink. I only really started to drink 
in the Army. As a young man I was not over-keen on 
girls and was always uneasy in their presence. I had a 
cast in my left eye which made me shy of girls. Now my 
wife refuses to live or sleep with me and complains that 
| persistently wake her up during the night to have 
sexual intercourse. At home I would never interrupt a 
conversation ; now I want to butt in.” 

It is recorded in his notes that ** before injury he was 
a quiet but ambitious man who made a few firm friends 
rather than a lot easily.” 

The following account was obtained from his father : 


‘* He is not the same man at all as he used to be before 
his injury, being then kind and obliging at all times. He 
was a boy who never gave his mother or myself any 
worry at any time. He hada kindly disposition and was 
as honest as the day. There is no doubt about it, he is a 
changed person since his knock on the head.” 


There is also little 
evidence of absolute 
intellectual impairment 
354 (Fig. 8). Scores before 

+50 injury were not avail- 
able, but when tested 
two months after injury 
(W. R. Reynell) he 
produced a point score 
on the matrices of 40, 
though it took him one 
and a half hours to do. 
When examined by the 
author in June, 1952, 
his score on this test 
was 45 and 18 on the 
H.R.T. These scores 
are fairly consistent 
with the vocabulary 
level reached (36). The 
tests were done within 
the average time. 
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Fic. 8.—Mental test results in Case 3. 
No pre-traumatic scores were 
available in this case. 


As in the previous 
case, the patient’s 
control over his 
sexual behaviour has decreased, leading not only 
to disturbed relations with his wife but also to 
anti-social acts and imprisonment. Again, in this 
case the rather overinhibited pattern may be seen 
in the picture of the patient’s previous personality. 


In the above three cases, although disinhibition 
appears to be most prominent in the sexual sphere, 
it has also been observed in other aspects of the 
patients’ behaviour: they have all become more 
talkative, and this is a distinct alteration in the 
normal pattern which they showed before injury. 


Disinhibition in Simple Social Relations.—In the 
three cases which will now be described there is no 
evidence that disinhibition has occurred in the 
patient’s sexual life; it is shown mainly in his 
simple social relations. 


Case 4 (M.R.C. No. 959).—This 23-year-old corporal 
was wounded in Korea by enemy shell fragments on 
April 24, 1951. The missile entered the left parietal area, 
passed through and through, leaving by the right frontal 
area (Fig. 9). On admission to a U.S. field hospital on 
April 25 he was stuporous, but could be roused. There 
was divergence of the eyes, dilatation of the left pupil, 
and left lower facial weakness, extensor rigidity of both 
legs, which he withdrew from pin-prick, and no move- 
ment in the left upper limb. Deep tendon reflexes were 
increased on the left side. 


A radiograph of the skull revealed a fracture of the left 
occipito-parietal region, with indriven bone fragments ; 
a cranial defect was also seen in the right frontal region. 

At operation on April 25 (Lt.-Colonel Meirowsky) 
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Fic. 9.—Tracings of skull radiographs in Case 4. 
Through-and-through wound: entry left 
parietal region, exit right frontal region. 


left occipital and right frontal craniectomies were 
performed. 

A moderate-sized bone defect was revealed in the 
left parieto-occipital region. Exposure of the dura 
revealed a moderate-sized dural tear from which liquefied 
brain was exuding. All liquefied brain tissue and a 
massive intracerebral haematoma were removed. In- 
numerable comminuted pieces of bone were encountered 
intracranially and removed. The track was followed to 
the falx, which was well visualized. 

There was massive shattering of the right frontal 
bone where the dural tear was irregular and somewhat 
larger than that found at the site of the wound of entry. 
An enormous intracerebral haematoma was delivered. 
Following its evacuation a large amount of liquefied 
brain tissue presented itself and had to be removed by 
suction. A small number of comminuted bone fragments 
were encountered intracerebrally and were removed. 
Digital palpation revealed two tracks: one leading 
directly to the perforation in the falx, and the other to 
the right occipital lobe. The later apparently represented 
the cavity which had been occupied by the massive 
intracerebral haematoma. The post-operative course 
was uneventful and the patient gradually became more 
responsive. 

On admission to the Military Hospital for Head 
Injuries on July 31, 1951, neurological examination 
revealed the presence of a left hemiplegia, with some 
facial weakness on the left side involving both upper and 
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lower muscle groups. The pupils were equal and reactive. 
There was a spastic weakness of the left upper limb. 
Tone and power were normal in the right upper limb. 
Tendon reflexes were markedly increased on the left, 
and sensation was normal. There was a spastic weakness 
of the left lower limb, with severe clonic spasm ; the 
tone and power of the right lower limb were normal. 
There was a left extensor plantar response. He was 
subject to occasional focal sensory attacks affecting the 
right arm and leg, but no general convulsions. Visual 
fields showed no gross deficit but some spatial dis- 
orientation. 

When examined in October, 1951 (H. F. J.), he gave a 
full account of his difficulties. He resented his helpless- 
ness and his dependence on other people for his simple 
physical needs. The last thing he remembered before the 
wound was the man next to him being shot and the 
enemy all around them (retrograde amnesia, a few 
minutes). He did not remember actually being hit. His 
first clear memory subsequently was of being in the 
American Hospital in Tokyo (post-traumatic amnesia, 
three weeks). 

He complained of being depressed—* very miserable 
at times”. “I resent advice on what to do. I get 
extremely irritable for no reason at all, unlike my usual 
self. I am a lot slower in thinking. Things take a long 
time to sink in. I get angry and want to strike people. 
Normally I am an easy sort of person ; now I say things 
and regret them afterwards. The blank in my memory 
worries me: it is not very nice having a chunk out of 
one’s life.” When pressed for more information about 
this, he said, ‘‘ Well, I wondered if the chap who fell 
down before I was wounded was really dead. He looked 
dead, but I was worried in case he was not and I should 
have done something.” 

His condition remained the same for about six months, 
when he gradually became more settled and brighter, 
undoubtedly helped by his increased physical self- 
dependence as his rehabilitation proceeded. During this 
six months he was depressed, self-pitying and irritable ; 
he slept poorly at nights with recurrent terror dreams. 
Although sorry after the irritable outbursts, he resented 
apologizing, as he felt it was not his fault. He fully 
realized that his behaviour was quite unlike what it 
normally would be. 

**T never had a schoolboy fight. I would walk away 
rather than get into an argument with anyone.” He 
wondered if the wound were a punishment for past 
wickedness on his part, and thinks he will soon have no 
friends, as everyone finds him difficult to deal with. He 
created a scene by telling one of his severely disabled 
comrades to go out and get a job, as he was only hanging 
on in hospital to get his full pension. (He seemed 
unable to appreciate how tactless this remark was.) 

He gave the following account of his personality and 
home background : 

**T was reserved and shy before. My home was 
regimented, but not grossly strict. Father was a regular 
soldier. Normally I would confide in mother rather than 
father. I wouldn’t say boo to a goose. I was not in- 
terested in games until I came into the Army. I was 
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afraid of father, perhaps jealous of him. Perhaps he was 
jealous of me. I was always shy of him. Before my 
wound I would hardly have said more than ‘ yes’ or 
‘no’; now I talk a great deal more. I can’t assimilate 
things in the same way ; I am not so mentally active. 
I cannot do crossword puzzles as I used to. I can’t do 
anagrams. I am now talkative and there is a fiendish 
element in it; I say hurtful things.” 

He showed no loss of initiative, and, indeed, as he 
became more settled a great deal of driving force was 
apparent. On the whole this was well coordinated and 
showed little of the distractability associated with other 
types of frontal lobe “ restlessness”. It was all directed 
towards his rehabilitation, obtaining a house for his 
mother and himself, and in making plans for his re- 
settlement. He described an interesting feature of his 
pre-wounding personality which showed the strength of 
purpose and drive which lay beneath the apparently 
quiet exterior. “* I was always a go-getter and would go 
to any length to get my own way provided it did not mean 
doing a dirty deed, even at the expense of losing my 
friends.” 

The following account was given by his mother : 

‘* He has changed since his injury ; those fits of temper 
have worried me a great deal. You see, my son was the 
nicest boy, and so even-tempered before: a sweet, 
placid boy who could get on with anyone. He did not go 
in for rough stuff, but would talk his way out of an argu- 
ment. He had a rather reserved nature, but was always 
well liked. He is not himself—he now rows with people 
and is cross with them. He flies into a temper and 
swears at his younger brother. He practically brought 
my young son up and was most considerate to him. 
Now he seems to have turned against him. He is very 
distrustful of everyone and does not seem to be able to 
consider the feelings of other people.” 

In spite of the improvement in his general outlook, he 
continued to have tactless outbursts in which he was 
unable to control his feelings and in which he expressed 
his opinions forcibly. He regretted these outbursts and 
would apologize for them later. He was fully aware of 
the change in his personality—*I know it must be 
difficult for you to believe that I used to be such a quiet 
little boy. Now I have more self-confidence and can 
talk to anyone.” 

The following information was obtained from the 
report of the personnel selection officer who dealt with 
him on Army entry (1947): ** Above average education 
and intelligence. Has leadership qualities. Not too 
responsive, but should develop alertness with further 
training.” 

In this case the intelligence testing reveals a severe 
and absolute intellectual loss (Fig. 10). It is significant 
that he failed on all three conceptual tests at the same 
level, whether such tests involved visual patterns (mat- 
rices) or the manipulation of verbal material (H.R.T.). 
He was unable to see through the more complex relation- 
ships and solve the more difficult problems. In all tests 
he tried very hard, and his disappointment and frustra- 
tion were very obvious when he realized his ability to 
.perform these tests was much below his own expectation. 
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Fic. 10.—Mental test results in Case 4, showing marked 
failure on each conceptual test occurring at 
approximately the same level. Scores much below 
that expected for the vocabulary level reached. 


This contrasted with the rapidity with which he was able 
to do the vocabulary test, producing a score of 33. This 
difficulty in conceptualization was noted in the clinical 
history, as he had himself observed that he was no 
longer able to do the anagrams in crossword puzzles. 
His score on the matrices (34) was well below that which 
he had produced on Army entry four and a half years 
previously (48). 

In spite of this substantial decrease in his ability to 
conceptualize, his ability to read and to use verbal 
material was quite intact. He was able to give a full and 
complete account in words of anything that he might 
wish to communicate, with no apparent defect. Indeed, 
his descriptive powers were excellent and had a graphic 
quality : when describing his experiences in Korea, he 
spoke of “‘ the plasticine figures lying wounded on the 
battle-field, with their heads turned to one side, and not ° 
being able to get at them, as the ground was strafed with 
machine-gun fire ”’. 


In this case the disinhibition has manifested 
itself mainly in talkativeness and in tactlessness. 
The patient himself is aware of the change. 

The pre-wounding personality is confirmed by his 
mother’s account. 

In a through-and-through wound of this nature 
it is not possible on the evidence presented by this 
single case to draw any conclusion as to the ana- 
tomical basis for his diminished conceptual ability ; 
it need not necessarily or solely depend, therefore, 
upon the frontal lobe involvement. 
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Case 5 (M.R.C. No. 965).—This 24-year-old corporal 
in the Royal Marines was wounded on November 1, 
1944, while serving ina L.C.G. A shell hit the turret and 
he received a severe injury to the forehead. He was 
knocked unconscious and was still unconscious on 
admission to hospital next day. There was a large linear 
scar down the centre of the forehead, with comminution 
of bone and gross cerebral trauma. By November 3 he 
was able to answer his name, while by November 8 he 
was conscious and accessible, but quite disorientated. 
At an operation performed on November 9 a good deal 
of bone and necrotic frontal lobe was removed on each 
side, leaving cavities in the brain about the size of 
walnuts (Fig. 11). 
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11.—Tracings of air encephalograms in 
Case 5. There was bilateral destruction of 
frontal poles with slight ventricular dilata- 
tion. 


Fic. 


He was admitted to a Royal Naval neuropsychiatric 
hospital in January, 1945, when physical examination 
showed no abnormalities except bilateral anosmia and a 
slight enlargement of the right pupil. 

A psychiatric examination was reported on as follows : 

** His powers of deduction from a story were bad, and 
he had considerable difficulty in grasping abstract 
situations. Temperamentally, he felt better and had lost 
his normal tendencies to irritability and slight explosive- 
ness. This change of character in the direction of 
placidity was confirmed by his mother and his ship- 
mates.” 

The position was rather different when a home visit 
was paid in May, 1945. His mother reported that he was 


no longer quiet and amenable as he had been on his 
return home. He was now bad-tempered, irritable, and 
frightening in his aggressiveness. 


When interviewed (H. F. J.) in July, 1952, he gave the 
following account of how he now found himself: His 
memory was bad for recent events, and he had difficulty 
in concentration. He has been unable to settle in employ- 
ment and has had 18 jobs since 1945. He has not the 
same “‘ go” as he used to have and sits at home for 
hours, playing patience. He used to like to drink, but 
can’t take the amount he used to—* no interest in the 
stuff ’’. He has a worried, perplexed expression ; sleeps 
well, but his appetite is poorer. 


It was noticed that when he was asked for any informa- 
tion he would always elaborate the answer by adding 
exact dates—e.g., “* Is your grandmother alive ?”’ ** No, 
12th June, 1950.” 


Other obsessional symptoms, especially counting 
rituals, were soon revealed. He would add up the 
vehicle numbers of cars in the street to see if the answer 
came to 13, also the ward numbers as he walked round 
the hospital. If they did, he felt a sense of satisfaction : 
if they did not, he was disappointed. It was difficult to 
get a clear picture of whether these obsessional symptoms 
were new or had only become more prominent since the 
injury. There was some evidence that they were not 
entirely new, as he had noted that his service number 
added up to 13 and he thought he was aware of this 
before injury. During the interview he was polite and 
informative. He admitted to being very irritable at 
times, losing his temper, and on occasions smashing 
some articles at home. 


Apart from this, there was little evidence of gross 
disinhibition. It was noted, however, that during the 
interview he volunteered information about his personal 
life a littke more freely than one normally expects a 
patient to do when being examined for the first time. 
He told spontaneously how he had acquired a venereal 
infection before the war, and described without being 
specifically asked how the girl whom he had intended 
marrying had become pregnant by another man and had 
thrown him over in the early stages of his injury. He even 
volunteered her full name and address. He emphasized 
his loss of interest in women. At the end of the interview, 
while remaining polite and even deferential, he was 
asked if there was any other information he could give 
which would be of help in assessing his case. He rose, 
paused for a moment, and then said reflectively, ‘* No, 
sir. No, sir, I don’t think there is, thank you very much. 
But’, raising his forefinger and waving it waggishly at 
the examiner, ** but remember, behave vourself.”’ 

His father deserted his mother when the patient was 4. 
He was a violent man and drank to excess. A younger 
brother suffers from ‘‘ periods of paralysis ’’. The patient 
was at school until the age of 14 and reached the top 
form. He was better than average, good at games, and 
a good mixer. He worked as a farm labourer until he 
joined the Marines at the age of 17. He had been in 
trouble in the service on one or two occasions, usually 
because of absence without leave after a bout of drinking. 








vas 
ive 
se, 
No, 
ich. 
y at 


is 4. 
ger 
jent 


top 
and 
il he 
n in 
ually 





H.R.V. Matrices H.R.T. Dominoes 
40 + i 720 ~ 48 
35 4 mes 
‘ — a 

30 5 + 15 + 36 

‘/<—eee 

ee 
25 + 8.7.52 


2} BN, 10 L 24 


+420 


10 4 5 


Wounded: 
1.11.44 110 














0 0 0 0 





Fic. 12.—Méental test results in Case 5. No pre- 
traumatic scores were available in this case. 


Apart from the foregoing, an adequate picture of his 
previous personality could not be obtained. 

The results of the intelligence tests are of interest 
(Fig: 12). His scores on both the matrices (40) and the 
H.R.T. (13) are rather low for the vocabulary level 
reached (33). When he did the Army dominoes, however, 
he produced a high score (41). It is perhaps significant 
that this test involves a calculating element which is not 
present in the matrices. In view of his tendency to ob- 
sessional counting, it is probable that he did much 
better in this test because of this. In this case there 
would appear to be no evidence of intellectual impairment. 


In this case disinhibition was not immediately 
obvious. There were no attacks of tactlessness 
which are upsetting to all around, no disturbance 
in the control of sexual behaviour, merely a tendency 
to be rather more forward in his personal relations 
and to express himself rather more freely than one 
Suspects he normally would. Irritability and 
explosiveness were a feature of his personality 
before wounding, although they had increased in 
intensity since injury. There is, however, a marked 
loss of drive and initiative, and he showed the 
simple and emotionally flat approach to his problems 
characteristic of certain types of frontal lobe loss. 


Case 6 (M.R.C. No. 973).—This 19-year-old private 
was wounded in Korea on November 19, 1951, sustaining 
a penetrating wound of the left frontal region (Fig. 13). 
He was admitted to an American neurosurgical field 
unit within three and a half hours of being found 
wounded. He was then stuporous, but fairly rational. 
There was a 4 cm. stellate laceration in the left frontal 
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region anterior to the hairline, and through this defect 
cerebral herniation was present. At frontal craniectomy 
the scalp laceration was debrided and the craniectomy 
extended into the left frontal sinus. Many embedded 
bone fragments and liquefied cerebral tissue were removed. 
The post-operative course was uneventful, but radio- 
graphs revealed four retained intracranial bone fragments 
at a depth of approximately 7 cm. as measured from the 
anterior left frontal bone. A second left frontal craniec- 
tomy was performed on November 25, and the retained 
bone fragments were removed (Lt. Col. Meirowsky). 
His course after this was uneventful. 

On admission to the Tokyo Army Hospital on 
December 8, 1951, he was alert, rational, and well 
orientated. Cranial nerves were intact, fundi normal, 
and there was no facial weakness. There was good 
strength in the upper and lower limbs, and sensation 
was intact. Deep tendon reflexes were equal and active. 

On admission to the Military Hospital for Head 
Injuries in January, 1952, he had no complaints and 
was fully orientated. Retrograde amnesia was a few 
seconds, post-traumatic amnesia three days. There was 
no neurological deficit on examination, and an air 
encephalogram was normal. 

When examined in September, 1952 (H. F.J.) he was 
mildly euphoric. He said he felt quite normal, but that 
other people had remarked on his “high spirits”, 
especially his friends. 

Before the injury he was rather shy and easily em- 
barrassed, especially with girls, with whom he found it 





Fic. 13.—Tracings of air encephalograms in 
Case 6 showing penetration into left frontal 
lobe only. No ventricular deformity. 
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hard to make friends. When he approached girls he 
would become tongue-tied and feel worked up inside, 
but now he was “ as good as the next man”. When the 
men at work pulled his leg he would “ blush and that 
sort of thing ’’ and “ keep his mouth shut rather than 
answer back ’’. He felt that he was more shy than the 
average boy. He had quite a few friends, but did not 
make them easily and had to get to know them well 
first. He was rather self-conscious, yet when he was 
with a gang of boys he was always the ringleader in 
escapades ; when approached by an older person, 
however, he would dry up and be unable to speak. He 
was especially shy of talking to older people. 

After injury, when he returned to his old job as a 
house-painter (which he has held since leaving school), 
he shocked his old foreman by answering back—an 
unheard-of thing before his injury. Now he is devil- 
may-care and has done one or two foolhardy things like 
jumping off a bridge into a river and trying to ride his 
bike along the bridge wall. 

His mother tells him he is no longer serious but 
“flippant”. In spite of the rather inhibited aspects of 
his pre-wounding personality, in his schooldays he was 
not afraid to fight. Now he feels more placid. 

It has so far been impossible to get a good objective 
account from this man’s relations about the personality 
change. The following is all that could be obtained 
from his father : 

** He was quite healthy before his wound and used to 
do amateur wrestling at the lads’ club, but I have 
noticed since he came back that at times he acts rather 
foolishly. I put it down to nerves or worry. He has 
worked regularly since he started, but has complained 
of headaches sometimes, otherwise he seems all right.” 

On intelligence testing (Fig. 14) he produced a basic 
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Fic. 14.—Mental test results in Case 6. 
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score of 43 on the matrices. His performance, however, 
was erratic, and he showed a rapid, careless approach 
when doing the test. This is to some extent revealed in 
his sub-test scores (i.e., his individual scores on sets 
A, B, C, D, E of the matrices) which were 12, 7, 10, 8, 6 
(43). He was given an opportunity to correct this score, 
and his corrected score was 52 (12, 12, 11, 10, 7). On 
the H.R.T. he produced a score of 18, and on the Army 
dominoes a score of 37. These scores are consistent with 
the corrected score on the matrices and with the vocabu- 
lary level reached (27). The vocabulary level is perhaps 
a little lower than might have been expected from his 
performance on the conceptual tests, but is not incon- 
sistent with his cultural background. His pre-traumatic 
score on the Army dominoes at Army entry two years 
previously was 34. There is therefore no evidence of 
intellectual impairment in this man’s case. 

In this case the patient has become mildly dis- 
inhibited. He is fully aware of the change in the 
normal pattern of his behaviour, and this change 
has been noted by his parents. There is also some 
evidence that the tendencies which appear on 
disinhibition in his case were present beneath the 
surface in his pre-wounding personality. 


Analysis of Case Material 


Personality and Disinhibition.—In these case 
records great care has been taken to assemble avail- 
able information as to both the pre-traumatic 
personality and the nature of the post-traumatic 
disorder of behaviour. From this it has become 
apparent not only that there was evidence of 
over-inhibition before wounding in these cases, 
but that there were present in the pre-wounding 
personality tendencies which appear frankly in the 
disinhibited behaviour after injury. 

Case 1 was externally modest and prudish, not 
interested in sex, while in fact reading books of a 
sexual type and indulging in intermittent physical 
sex activity. His pre-injury conflict about sexual 
matters appears in his talk protesting about sex 
activity, while the remnants of the inhibiting 
process can still be seen in his violent reaction to 
any simple expression of normal sex activity. 

Case 2 had a temper which he could control 
before injury, was probably always sexually demand- 
ing, and had feelings of inferiority. He is now 
garrulous where he had been quiet, boastful where 
he had been modest. His mother regards the talk 
and boasting as a cover for the feeling of inferiority 
which she maintains still lies behind it all. The 
remnants of the inhibiting process can be seen in his 
case also, as he still becomes panic-stricken when 
faced with anyone in authority. 

Case 4, who “ wouldn’t say boo to a goose”, 
would nevertheless get his own way even at the 
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expense of losing his friends. He is now tactless 
and shows a considerable driving force in his new 
temperament. 


Case 6, beneath the inhibited personality, was a 
ringleader of a gang of boys, a feature well related to 
his foolhardy escapades since injury. 

The evidence presented by these cases therefore 
suggests that where disinhibition occurs after 
frontal lobe damage it appears in those aspects of 


the personality where continued inhibition was 
necessary before injury. 


Awareness of Change : Insight.—In all but one of 
these cases (Case 5) the patients were fully aware of 
the change in the personality due to disinhibition 
and were able to describe the alterations which had 
taken place. There is thus insight into the disin- 
hibition, but in spite of this these patients are on the 
whole unable to exert adequate control over the new 
behaviour. Case 1 would not begin his sex talk 
immediately with strangers, but the latent period 
before he did so was very short. Case 3, even after 
several prison sentences for indecent exposure, was 
reported to be exposing himself again within a few 
days of his discharge from prison. Nevertheless, 
although he strongly wished to do so, he refrained 
from exposing himself when being interviewed by a 
female member of the staff. 


Initiative and Spontaneity : Other Changes.—It can 
be clearly seen from these cases that disinhibition 
is quite separate from the other disturbances 
of function which have been described as part of the 
frontal lobe syndrome. Thus, loss of initiative was 
only a feature in four of these six cases, and in 
these four its intensity varied. 


The social incompetence which is sometimes a 
feature of frontal lobe damage would seem to be 
due to a variable admixture of factors and not 
solely to be dependent on the overall reduction of 
emotional drive which is presumably the cause of 
the loss of initiative. Thus, distractability, rest- 
lessness, and the domination of the patient’s 
personality by the new adverse behaviour (as in 
Cases | and 3) all play their part in making directed 
activity impossible or difficult. 

A severe disturbance of spontaneity is a feature of 
the early stages of frontal lobe wounding in certain 
cases, and in this series it is most strikingly shown in 
Case 2. The period of disturbance in the early 
Stages of severe frontal lobe damage may be very 
prolonged, consequently much of this lost spontane- 
ity is recoverable, although it may be several months 
before the patient attains his new basic level. 

c 


Affective Changes.—Whatever may be the role 
of the frontal lobes in the control and development 
of the emotions, the appearance of disinhibition 
does not mean that all varieties of affective 
experience are abolished. 


Of these six cases, perhaps only Case 1 showed 
a substantial loss of feeling. It was almost impossible 
to make him angry, and, as his father said, “‘ He has 
no resentment about his injury. No feelings about 
war. No feelings at all, I don’t think ”. In his case 
there were no episodes of irritability, no outbursts of 
temper or violence. Outbursts of anger were a 
feature of Cases 2, 4, and 5. Case 3 was ashamed and 
blushed when recounting his sexual delinquencies. 
Case 4 was depressed for several months after 
injury, afflicted with feelings of guilt, and wondered 
whether his wound was a punishment for past sins. 
Case 5 was subject to well organized ritual obsessions. 
The development of excessive orderliness after 
brain injury has been described by Goldstein (1942), 
but there was some evidence of obsessional behaviour 
before wounding in this case. Case 6 was mildly 
euphoric. 


Intellectual Changes.—In five of these six cases 
the wounds, to all intents and purposes, were 
restricted to the frontal lobes, although in Case 3 a 
metal fragment had entered the anterior parietal 
region. With the exception of Case 1, no intellec- 
tual impairment, in the sense in which it has been 
carefully defined in the early part of this paper, 
could be demonstrated even when the frontal lobe 
destruction was extensive, as in Case 2. No definite 
opinion could be given about Case 1, although some 
impairment is probable. 

Case 4, in which there was a through-and-through 
wound causing much destruction in the left parietal 
and right fronto-parietal region, showed a severe and 
unequivocal loss in conceptual ability. The exact 
part played by the destruction of frontal lobe 
tissue in producing this deficit cannot of course be 
established on the basis of this single case alone. The 
case is of interest, however, in its own right, as it 
shows that a considerable loss of abstract and 
relational thinking may occur with the complete 
preservation of everything pertaining to the under- 
standing and use of verbal symbolism. 


Anatomical Deductions.—In spite of the excellent 
radiological and surgical evidence available, it is not 
possible to be dogmatic about the exact site and 
extent of the lesion in each case. Nevertheless, 
there is evidence that three of these wounds were 
unilateral only—namely, in Cases 1, 4, and 6. In 
Cases 1 and 4 the left frontal lobes were probably 
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left intact, while in Case 6, although the injury 
was near the midline, the right frontal lobe was 
probably undamaged. No relation between the 
appearance of disinhibition and any particular site 
within the frontal lobes can be established in 
these cases; in every case, however, the wound 
penetrated deeply into at least one frontal lobe. 


Cerebral Dominance.—No association could be 
found with handedness and cerebral dominance : all 
six patients were right-handed. 


Traumatic Epilepsy.—Attacks of traumatic epi- 
lepsy occurred in Cases 2 and 4 only. They were 
reported to have begun in the early weeks after 
injury. In the other four cases no attacks have been 
reported. Traumatic epilepsy is certainly not a 
prominent feature of these six cases. Fits were 
reported in Cases 2 and 4, but in Case 2 only 
occurred early in association with intracranial 
infection, and in Case 4, where the parietal lobes 
were severely involved, only minor focal sensory 
attacks occurred. 


Post-traumatic Amnesia.—In the study of closed 
head injury Russell (1932) emphasized that a 
convenient method of classifying the severity of 
the injury is by assessing the duration of the post- 
traumatic amnesia. In four of these six cases in 
which the post-traumatic amnesia had _ been 
estimated, it varied in duration from 36 hours to 
three weeks (Cases 2, 3, 4, 6). In the other two 
cases it had not been accurately measured, but 
the patient was reported to have been conscious, 
rational, but disorientated in time in the one case at 
the end of seven days, and in the other at the end of 
nine. Full orientation was not noted in the records 
until four and six weeks after injury respectively. 

The significance of a long post-traumatic amnesia 
in penetrating brain wounds, where the maximum 
damage is more localized than in closed head 
injuries, is not clear. Whether it indicates more 
extensive and more remote trauma than would be 
implied by the purely local injury due to concussive 
effects, or is due to damage to specific (e.g., 
diencephalic) mechanisms concerned with con- 
sciousness, is a matter of conjecture. It can only be 
said that as far as these cases are concerned dis- 
inhibition occurred whether the post-traumatic 
amnesia was short or long, and that residual 
intellectual impairment could not be demonstrated 
even when there was evidence of a prolonged 
disturbance of orientation after injury. 

It seems reasonable to assume, therefore, that the 
disinhibition which has occurred in these cases is 
due to the main injury causing interference with 
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mechanisms which have their locale within the 
frontal lobes and is not due to coincident o1 
associated involvement of other parts of the brain. 
It can only be added from the experience of the 
other wounds personally studied so far, of which 
this short series forms a part, that disinhibition 
has not been noted unless the frontal lobes have been 
involved. 
Discussion 

The study of these six cases provides evidence 
towards the understanding of the phenomenon of 
disinhibition as it appears after frontal lobe damage. 

Disinhibition results in a permanent alteration in 
the temperament of the individual, in which the 
control of behaviour in its social aspects is reduced. 
It appears immediately after injury, but may be 
masked in the early stages by other disturbances of 
function, such as loss of initiative and spontaneity, 
confusion, and disorientation. It may be un- 
associated with other features which have been 
described as part of the frontal lobe syndrome ; 
it may occur without loss of initiative, without 
intellectual impairment. It can be present with a 
variety of affective experience. Moreover, the 
patient is generally aware of the change in his 
personality caused by the appearance of the disin- 
hibition and can describe the differences between 
his previous and present attitudes and tendencies. 
There is thus insight into the new pattern of be- 
haviour but control over it is minimal or negligible. 

All these points are fully illustrated by the cases 
described above. 

Disinhibition adds nothing new to the personal- 
ity: it merely alters the external relation of the 
personality to the environment and reveals ten- 
dencies which were present before injury but which 
were previously permitted only limited expression. 
This would appear to be a reasonable conclusion 
to draw from the personality studies presented 
in this paper. 

It is significant that in these cases there is no 
regression to grossly primitive or infantile behaviour. 
Presumably, in mental development certain aspects 
of behaviour become so controlled that their 
continued inhibition is no longer required, and it is 
those aspects of behaviour in the above cases, 
where continued inhibition before injury appeared 
to be necessary, which become most prominent 
after wounding. This apparent specific relation 
between the previous personality and the features 
which appear after wounding offers an explanation 
why disinhibition is significantly observed only in 
certain cases and, when it does occur, involves 
different aspects of the personality in different 
people. 
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What are the anatomical conditions under which 
disinhibition appears? There seems to be good 
evidence from this material that involvement of 
only one frontal lobe is necessary. This confirms 
the similar conclusions of Rylander (1939), based 
on lobectomy material, that the removal of either 
the right or the left frontal lobe was equipotential 
in its effects. 

In the cases described in this paper no relation 
could be seen between the appearance of the 
disinhibition and any particular site within the 
frontal lobes. There appears, therefore, to be no 
obvious topographical correlate of the disin- 
hibition. The missile had penetrated deeply into 
at least one frontal lobe, although there were 
obvious differences in the amount of cerebral 
tissue destroyed. In this regard attention is drawn 
to Case 8 of the Columbia-Greystone Associates 
(Mettler, 1949), in which gross deterioration in 
social behaviour due to disinhibition occurred 
after a bilateral ablation of frontal cortex, mainly 
of the middle frontal gyri, in which a total of 16°5 g. 
of tissue was removed. This deterioration was 
attributed to the removal of too much tissue. 
Before operation this patient had, however, a well 
preserved personality, his illness being one of 
hypochondriasis with somatic delusions accom- 
panied by considerable affect. After operation he 
became carefree, garrulous and outgoing, less 
conscientious in his work, and insulting in his 
behaviour. This insulting behaviour was noted 
especially towards his sister (a nun) for whom he had 
previously had great respect. While the details 
given of his background are inadequate to form a 
conclusion, certain similarities can perhaps be 
seen between his personality before operation and 
that of the cases described above. 

It would seem to be true also that even after 
extensive excision of the frontal lobes, as in 
lobectomy, the degree of disinhibition may be so 
slight, if it occurs at all, as to escape ordinary 
clinical assessment (Jefferson, 1937; Hebb and 
Penfield, 1940). 

There appears therefore to be no direct and 
constant relationship between the amount of 
frontal lobe tissue destroyed and the appearance of 
disinhibition. In all these cases the loss of brain 
substance has been severe, but the evidence presented 
in this paper suggests that for such a loss to be 
effective in producing overt disinhibition it has 
to occur in people of a certain type of personality. 

While it is true that the organism lives in a 
milieu in which socially undesirable patterns of 
reaction are being constantly inhibited and sub- 
stituted by socially more appropriate ones, it is 


also true that the organism brings to bear upon 
the environment its own positive and definitive 
patterns of behaviour which are the result of the 
conditions existing within the organism itself and 
which in human behaviour are determined by the 
construction of the personality. The development of 
the personality, however, is such that when it 
reaches its completion in early adult life some 
socially undesirable tendencies may persist, so that 
social control can only be achieved by their 
continual inhibition. It is these tendencies which 
seem to come principally to the surface after 
frontal lobe injury. The mechanisms which come 
into play between the arousal of a desired but 
socially inappropriate train of behaviour and its 
expression or inhibition must be highly complex, 
involving the integration of different parts of the 
nervous system, and any attempt to explain them 
satisfactorily must be premature in the present 
state of our knowledge. Nevertheless, some 
understanding of the factors involved may be 
obtained from the evidence presented by these cases. 

It can be seen that the inhibitory mechanism, 
even in its relation to the special aspects of the 
personality in which disinhibition appears, is not 
completely destroyed; inhibition comes _ into 


action but fails to be sustained (Case 1) or, although 
the threshold of inhibition is lowered in regard to a 


specific pattern of behaviour, inhibition is still 
capable of acting in certain circumstances (Case 3). 
It might be concluded, therefore, that the breakdown 
in the control of behaviour after frontal lobe injury 
is due less to the destruction of the actual inhibitory 
process than to a failure to decide what appropriate 
behaviour pattern should be assumed after the 
initial inhibition has taken place. 

Brickner (1939) regards the control of behaviour 
as dependent upon planning which involves making 
certain emotional sacrifices to achieve certain 
emotional compensations, the formulation of 
concepts necessary to a planned course of conduct 
being based upon a capacity to make complicated 
intellectual syntheses. The behavioural disturbance 
after frontal lobe injury is due to a loss in the power 
to synthesize simple thought processes into more 
complex structures and is thus secondary to a kind 
of intellectual defect. This view of Brickner’s must be 
critically assessed. 

In the first place, it extends beyond its legitimate 
bounds the generally accepted interpretation of the 
words “ intellectual ”’ and ** intelligence ”. Secondly, 
as is shown in the cases described above, the ability 
to make intellectual syntheses and form concepts 
is not lost even when there is evidence of diminished 
restraint in the control of behaviour. It would have 











32 


to be assumed, therefore, that the intellectual 
syntheses implied by Brickner were of a different 
character from those involved in normal conceptual 
processes. 

The breakdown in the control of behaviour due 
to disinhibition after frontal lobe injury would 
hardly seem to be dependent, therefore, upon a 
disturbance of intellectual processes in the generally 
accepted sense. It is the facilitation of the undesirable 
pattern of reaction which is the essential feature, the 
necessary inhibition failing to be sustained long 
enough to allow an alternative and socially more 
appropriate behaviour pattern to take its place. 

Inhibition in its ultimate analysis is concerned 
with the prevention of motor behaviour either of 
speech or action which at a given moment would be 
socially undesirable. Such inhibitory processes are 
not however rigid or fixed, and they are capable of 
being released or more strongly applied as the 
organism becomes aware of different factors in the 
environment. The organism is thus involved in a 
continuous process of adaptive scanning in which 
tendencies to impulsive behaviour, arising in 
relation to changing factors in the environment, are 
being continually inhibited. The inhibitory processes 
come into play so quickly that they can hardly be 
regarded as the result of conscious deliberation, 
although they produce the necessary brake on 
impulsive action permitting the organism to decide 
whether the intended behaviour may be allowed 
total or partial expression, or none at all. 

It might not be unreasonable to conclude 
that in so far as the frontal lobes are concerned 
with inhibition they are concerned with the actual 
restraint of patterns of behaviour which are being 
activated from other levels of the nervous system. 

In this paper one aspect of the problem of frontal 
lobe function has been dealt with; it must be 
obvious, however, from the study of the above six 
cases that many complex problems remain. Their 
solution can only come from an intimate study of 
the separate disturbances of function as they appear 
in different cases of frontal lobe injury and in 
avoiding any attempt to explain these disturbances 
prematurely in terms of unitary theories. Differentia- 
tion of function is always possible within the frontal 
lobes, and even though apparently diverse distur- 
bances of function may be more closely linked 
than seems likely at present it is important that at 
this stage the deficits which appear after injury 
should be clearly studied and described in terms 
which can be understood by other workers in the 
field. It is only by clearly defining the deficits 
which we are investigating, and demonstrating 
their presence or absence in cases of frontal lobe 
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injury, while studying the conditions under which 
they arise, that it will be possible to understand 
better the part played by the frontal lobes in the 
control and organization of human behaviour. 


Summary 


Six cases of penetrating brain wound are described 
in which disinhibition appeared after involvement 
of the frontal lobes. It has been shown that dis- 
inhibition is a separate disturbance of function 
which need not necessarily be associated with other 
disturbances described as part of the frontal lobe 
syndrome. In most cases the patients are aware 
of the change in their personality due to the dis- 
inhibition, but can only exert minimal control over 
the new behaviour pattern. 

Disinhibition can appear when only one frontal 
lobe is involved, without any obvious anatomical 
correlation with any special site within the pre-frontal 
area, though, as has been pointed out, the extent of 
frontal lobe injury was severe in all these cases. 

Disinhibition can coexist with a variety of 
affective experience and can occur without any 
associated intellectual impairment. Much destruc- 
tion of frontal lobe tissue appears to be possible 
without producing intellectual loss in the conceptual 
sense. 

The relation between the appearance of dis- 
inhibition and the pre-traumatic personality is 
described in full, and reasons are given to explain 
why disinhibition only occurs significantly in 
certain cases and involves different aspects of the 
personality in different people. 


I wish to express my gratitude to Dr. W. Ritchie 
Russell, C.B.E., to the Officer Commanding the Military 
Hospital for Head Injuries, Wheatley, and his staff, and 
to Mr. Walpole Lewin, F.R.C.S. I am indebted to 
Miss Agnes Everness, B.A., for home reports on Cases 
1 and 2, and to the Army Medical Department and the 
Directorate of Manpower Planning, the War Office. 
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A HISTOLOGICAL AND CHEMICAL STUDY OF THREE CASES 
OF DIFFUSE CEREBRAL SCLEROSIS 


BY 


W. BLACKWOOD and J. N. CUMINGS 


From the National Hospital and the Institute of Neurology, Queen Square, London 


In 1950 Greenfield proposed a classification of 
the various forms of diffuse demyelinating sclerosis 
on the basis of pathogenesis and tissue reaction. 
His classification may be restated, but with minor 
modification as follows :— 

(1) Cases in which, histologically, the appearances 
are similar to those seen in disseminated sclerosis. 

‘Included in this group are cases with concentric 
demyelination of the Balo type and cases with 
perivascular islands of residual myelin as in 
Pelizaeus-Merzbacher’s disease. 

(2) Cases in which the apparent products of myelin 
katabolism are predominantly metachromatic lipids. 
Included in this group are those in which there is 
associated degeneration of the interfascicular oligo- 
dendroglia (Greenfield, 1933 ; Brain and Greenfield, 
1950) and those in which the oligodendroglia appear 
normal in histological perparations (Norman, 1947). 

(3) Cases in which, histologically, the myelin is 
replaced partly by neutral fat and partly by some 
chemical substance which excites an “ epithelioid ” 
cell or “* globoid ”’ body reaction. Such a condition 
was first described by Krabbe (1916). 

(4) Cases which, in the present state of our 
knowledge, do not fit into the above groups. 

It will be noted that in the above classification 
no emphasis is placed upon the familial or non- 
familial nature of the disorders or upon the age of 
the patients. 

This paper records:the results of histological and 
chemical examinations in three cases diagnosed on 
macroscopic examination as diffuse cerebral sclero- 
sis. These findings are discussed in so far as they 
are related to pathogenesis and to the place to be 
occupied by each in the above classification. 

The cases were: A, a case with ‘* spongy 
degeneration ” of the cerebral white matter (Cana- 
van); B, a case with perivascular islands of 
residual myelin (Pelizaeus-Merzbacher) ; C, a case 
with numerous “ globoid” bodies or “ epithelioid ” 
cells in the white matter (Krabbe). 


Histological Methods 


Various portions from the brains (and the spinal 
cord in case A), which had been fixed in formol saline 
were embedded and stained by the following methods :— 


Celloidin Sections.—Anderson’s iron haematoxylin and 
van Gieson, Mallory’s phosphotungstic acid haema- 
toxylin ; Loyez’ haematoxylin and Kultschitsky-Pal for 
myelin, Gros-Bielschowsky for axis cylinders, Nissl 
(thionin), Mayer’s mucicarmine and haematoxylin, 
Hotchkiss-Schiff periodic acid-fuchsin (P.A.S.), and 
Congo red. 


Frozen Sections.—Sharlach R and Mayer’s haemalum, 
Sudan black B, toluidine blue mounted in “ microil”’ for 
metachromatic material, Hortega for microglia, P.A.S. 
and Congo red. 


Chemical Methods 


Various portions of the brains were examined within 
two weeks of the post-mortem examination from each 
of the three cases. Water content, total phospholipin, 
monoamino-phospholipin, sphingomyelin, lecithin, keph- 
alin, free and total cholesterol, cerebroside and neura- 
minic acid were estimated by the techniques used in a 
similar chemical investigation in disseminated sclerosis 
and amaurotic family idiocy (Cumings, 1953). 


Case A (Spongy Degeneration) 


Clinical History.—C. M. was a boy (N.H. No. 28860) 
whose family history contained nothing significant. 
One younger brother, aged 3 months, was healthy. 
There was no maternal illness during pregnancy. Birth 
was normal and the circumference of the head was 
normal. At 2 months of age he had convulsions and 
was admitted to Edgware General Hospital under 
Dr. M. D. Baber. Here the lumbar cerebrospinal fluid 
(C.S.F.) was examined and found to be normal. A lumbar 
air encephalogram revealed ventricles which were normal 
in size and shape. At 5 months the circumference of 
the head was 1-3 in. (33 mm.) larger than normal. He 
continued to have epileptic attacks. At 6 months 
teething started. At this time he was admitted to The 
Hospita! for Sick Children, Great Ormond Street, under 
Dr. R. Lightwood, where it was noted that the pupils 
did not react to light and the optic discs appeared 
atrophic. The skuil gradually enlarged abnormally and 
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at 17 months was 3-25 in. (82 mm.) greater in circum- 
ference than normal. At 22 months he was admitted 
to the National Hospital, Queen Square, under the care 
of Sir Charles Symonds. He was a lethargic child. 
Awareness and consciousness fluctuated considerably. 
The skull circumference was 3-6 in. (91 mm.) greater 
than normal. The child appeared to be blind and there 
was pallor of both optic discs. There was bilateral 
ptosis, more marked on the left side, and there was 
failure of full inward and downward movement of the 
left eye. The pupils reacted sluggishly to light. There 
was a left-sided facial weakness. He gave a generalized 
startle reaction to noise in either ear. Muscle tone was 
greatly increased in all limbs, but power could not be 
assessed. The reflexes were present and not increased, 
but both plantar responses were extensor. He responded 
to and accurately located pinprick on either side of the 
body. No definite abnormality was found in the E.E.G. 
(Dr. W. A. Cobb). X-ray examination (Dr. S. Moor) 
showed that the skull vault was enlarged and thin for 
the age of the patient. There was a disproportion 
between the size of the vault and the facial bones. The 
posterior fossa did not appear to have increased propor- 
tionately in size with the rest of the skull vault. Both 
anterior and middle fossae were shallow and the pituitary 
fossa also appeared to be somewhat flat. There was no 
suture diastasis. He developed bronchitis and broncho- 
pneumonia and died at the age of 23 months. 


Post-mortem Findings (PM.13/51) in Case A 


Necropsy was performed three hours after death. 
The body was that of a well developed, well nour- 
ished child with an enlarged head, the enlargement 
being assymetrical, temporal on the right side, 
parietal on the left. The serous sacs were healthy. 
The lungs showed congestion and oedema. The 
cardiovascular (heart 70 g.), endocrine, and lymph- 
vascular systems (spleen 20 g.) appeared healthy. 
The alimentary system was healthy apart from 
diffuse pallor of the liver (380 g.). The urogenital 
system appeared healthy (kidneys, left 50 g., right 
55 g.). 


Central Nervous System.—The cavity of the skull 
was asymmetrical but the capacity on either side 
of the falx cerebri appeared about equal. The 
bones of the vault were thin. The fontanelles were 
closed. The dura, venous sinuses, basal vessels 
and leptomeninges appeared healthy. The cerebral 
hemispheres were larger than usual, but the surface 
was not flattened; indeed on the left side there 
appeared to be slight gyral atrophy in the region 
of the central sulcus. The cerebellum appeared 
normal and the foramen of Magendie was large. 
The corpus callosum was unduly firm and pinkish 
grey. The medulla and spinal cord appeared 
norma]. On section (Figs. 1 and 2) the cortex and 
basal ganglia were less clearly demarcated from 


the white matter than usual. Most of the white 
matter appeared abnormal. Anteriorly, in the 
frontal lobes, it was very soft and of a pearly 
appearance. Passing posteriorly to the occipital 
poles the white matter became pinkish grey, firmer 
and more clearly demarcated from the somewhat 
thin but otherwise normal looking cortex. The 
corpus calldsum was thin, especially in its posterior 
half. The basal ganglia appeared to be of normal 
size. The caudal portions of the internal capsules 
were firmer and of a more creamy colour than the 
rest of the white matter, but in the midbrain, pons, 
and medulla the peduncles and the pyramidal 
tracts were slightly shrunken. The pons appeared 
to be a little smaller than usual on cross section, 
but the transverse fibres of the pons appeared well 
myelinated, The cerebellum showed slight general 
atrophy of the folia in both the vermis and the 
hemispheres, associated with a greyish pink dis- 
coloration of the central white matter in the posterior 
and inferior portions of the hemispheres. The 
atrophy of the cerebellar folia appeared to be due 
to the loss of white matter. All lesions appeared 
to be bilaterally symmetrical. The ventricles, 
especially the posterior horns of the lateral ventricles 
and the fourth ventricle, were enlarged. The cerebral 
hemispheres together weighed 1,440 g.; the cere- 
bellum 135 g.; the brain-stem 20 g.; total weight 
of the brain 1,595 g. (normal 1,059 g.). The spinal 
cord appeared healthy. 


Histological Findings.—The central nervous sys- 
tem was the site of a widespread pathological 
process. The leptomeninges and cortical blood 
vessels appeared healthy. The cerebral cortical 
laminar pattern was not disturbed, nor were the 
nerve cells noticeably diminished in number, or 
otherwise abnormal (Fig. 3), but between the nerve 
cells, in the deeper layers of the cortex, in layers 4, 
5, and 6 there were numerous large, rounded spaces, 
some as large as 100 uv in diameter (D. Fig. 4 and 5). 
These spaces sometimes appeared empty (A. Fig. 4), 
sometimes contained granular material radiating 
out from a nucleus, which was usually small and 
hyperchromatic (A. Fig. 5). Sometimes a capillary 
ran through a cystic space (B. Fig. 4). Neither lipid, 
metachromatic material, or P.A.S.-positive material 
could be seen in the cystic spaces. Microglia and 
their processes (in sections impregnated with silver) 
often stretched out at the periphery of a cyst, or the 
granular material in the cyst would stain deeply 
with silver, but it was not certain that the microglia 
were encompassing these spaces or any material 
which was or might have been present in them. 
Sometimes there were cystic spaces around capil- 





DIFFUSE CEREBRAL SCLEROSIS 35 


laries and all the larger blood vessels showed 
dilatation of the perivascular spaces (Fig. 4). 
Almost as striking as the cystic change in the cortex, 
was the change in the astrocytes of all layers. 
These cells were increased in number, often in pairs 
or threes. Their nuclei were often large, up to 
twice normal size, without any increase in chromatin 
but with prominence of the nuclear membrane 
(B. Fig. 5). Around the nucleus in celloidin sections 
there was often a small round or ovoid space 
(C. Fig. 4), which was sometimes empty and some- 
times contained a finely granular material. The 
processes of the astrocytes were greatly thickened 
(Fig. 8). In the frontal cortex glial fibrils could be 
occasionally seen in these processes ; in the parietal, 
temporal, and occipital cortex fibrils were more 
frequent. 

The white matter in its most superficial part was 
largely replaced by cystic spaces, similar to those 
seen in the deeper grey matter, which were separated 
by tissue in which oligodendroglial and swollen 
astrocytic nuclei were visible. The rest of the 


cerebral white matter contained numerous smaller 
clear spaces separated by similar tissue (Fig. 10). 
The astrocytic processes were again enlarged 
(Fig. 9) and in the parietal, temporal, and occipital 
cortex there was glial fibre formation. In this same 
tissue ran numerous axons (Fig. 11). 
vascular spaces were not enlarged. 


The peri- 


Myelin was found with difficulty in the cortex 
and white matter. It was not seen in Loyez prepar- 
ations, but in Sudan black B_ preparations 
occasional myelinated fibres and many globules of 
lipid were seen. 

Changes similar to those in the cortex were seen 
in the putamen, globus pallidus (Fig. 12), and 
thalamus. The retinae did not show any significant 
abnormality and the optic nerves were myelinated 
and were not vacuolated. The optic tracts were 
myelinated but vacuolated; the optic radiations 
were not myelinated. The internal capsule was 
myelinated, the corpus callosum and fornix con- 
tained numerous myelinated fibres, and all were 
vacuolated. The choroid plexus appeared normal, 
and although the ependyma lining the ventricles 
was not everywhere intact, there was no special 
cellular reaction in the regions from which it was 
absent. In the cerebellum (Fig. 13) there was 
persistence of the external granular layer of 
Obersteiner in both vermis and hemispheres. The 
cystic abnormality was present and was most marked 
in the Purkinje cell layer. The Purkinje cells, 
which were not appreciably decreased in number, 
were displaced into the molecular layer. Cystic 
replacement was also present in the granule cell 


layer and the white matter. The layer of Bergmann 
cell astrocytes was displaced superficially. This 
layer was broadened and composed of very numer- 
ous, loosely packed, large pale nuclei (Fig. 14). 
Glial fibres could not be demonstrated. The white 
matter contained numerous axons but very little 
myelin. The dentate nuclei showed astrocytic 
hyperplasia and contained small vacuoles but the 
nerve cells were not destroyed. 

In the midbrain the superior cerebellar peduncles 
were well myelinated (Fig. 15). All other regions 
contained cysts and showed astrocytic increase in 
number and nuclear size. In the pons the transverse 
fibres and the middle cerebellar peduncles were 
well myelinated, but were again cystic (Fig. 16). 

The medulla was well myelinated, but cystic 
change was present except in the pyramidal tracts. 
The inferior olivary nuclei, like the other grey 
nuclei of the brain-stem, appeared healthy apart 
from cystic change. The spinal cord was cystic 
and well myelinated apart from the crossed pyra- 
midal tracts, which showed a slight loss of both 
myelin sheaths and axons. Occasional fat phago- 
cytes were present here in the perivascular spaces. 
The third and fifth cranial nerves, after they had 
left the brain-stem and such spinal nerve roots as 
were visible, all appeared well myelinated and 
healthy. 

The lungs showed congestion and oedema. The 
liver showed moderate fatty change. The spleen 
was congested. The thyroid, pancreas, heart, 
thymus, pituitary, kidney, peripheral nerve, and 
muscle did not show any significant abnormality. 


Chemical Results.—Table 1 gives the results of 
the analysis of the brain in this case. Normally 
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* Brain formalin fixed for two weeks. 
Tt Results in g./100 g. fresh tissue. 


smaller amounts of all lipids are present in the 
brain of a child as compared with those found in 
an adult (Brante, 1949). Here, in the white matter, 
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Fic. 2 


Fic. 1.—Anterior surface of coronal section at the level of the red 
nucleus. 


Fic. 2.—Anterior surface of coronal section at the level of the 
vestibule of the lateral ventricle, which is enlarged. 


Fic. 3.—Parietal region. Note the spongy change in the deeper layers 
of the cortex and in the white matter. Celloidin, haematoxylin, 
van Gieson, x 16. 


. 4.—Parietal region. Deeper layers of cortex. Note the large 
rounded clear spaces (A and B): across one of them (B) runs a 
capillary. The astrocytic nuclei (C) are increased in number and 
size compared to the normal control (Fig. 6) and often are 
surrounded by a poorly stained halo. The perivascular space 
(D) is increased in size. Celloidin, haematoxylin van Gieson, 


. 5.—Similar region to Fig. 4. At A is a space containing granular 
material radiating from a small hyperchromatic nucleus. At 
B is an enlarged astrocytic nucleus. Celloidin, haematoxylin, 
van Gieson, Xx 200. 


. 6.—Control normal cortex for comparison with Figs. 4 and 5. 
Celloidin, haematoxylin, van Gieson, < 200. 


. 7.—Control normal white matter impregnated for astrocytes. 
Frozen, Cajal’s gold sublimate, x 375. 


Fic. 8.—Parietal cortex stained as Fig. 7. The astrocytes are increased 
in number, and their processes are thickened. x 375. 


Fic. 9.—Parietal white matter stained as Fig. 7. The astrocytes are 
enlarged compared to the normal (Fig. 7) and their processes 
often surround the cystic spaces. X 375. 





Fics. 1-16.—Spongy degeneration as shown in Case A. 
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Fic. 10.—Parietal deep white matter, showing the smaller cystic 
spaces separated by tissue in which oligodendroglial and swollen 
astrocytic nuclei are present. Celloidin, haematoxylin, van 
Gieson, X 215. 


Fic. 12.—Globus pallidus showing nerve cells, small cystic spaces, and 
enlarged astrocytic nuclei. Celloidin, haematoxylin, van Gieson. 
x 375. 


all substances are greatly reduced in amount, the 
figures being even lower than the normal for the 
the age of this child. However, the cortex shows 
less variation from a normal brain of the corres- 
ponding age, but there is some loss of all substances 
except cerebrosides, which are very slightly increased 
above the normal. 


Fic. 11.—Parietal deep white matter showing the axons running 
obliquely across the section in the tissue between the cysts. 
Celloidin, Gros-Bielschowsky, = 375. 


It is specially noteworthy that the more normal 
central white areas as judged macroscopically give 
very similar results to those of the demyelinated 
zones. The figures obtained are in fact almost 
exactly identical with those found in a foetus of 
6 to 7 months (Cumings). 


Comment.—Although only some six cases of this 
disease have been described since the first by 
Canavan (1931) the clinical amd _ pathological 
resemblance to each other is striking. Five patients 
have died and in four the brain has been unusually 
large ; in one the size was not noted. All have 
shown the marked spongy change. 

It is quite probable that there have been other 
cases, which have not been recorded, because of 
the cystic change which may have been considered 
to be due to post-mortem artefact. This possibility, 
which has been considered by previous authors, 
can be definitely excluded in our case by the fact 
that the necropsy was carried out three hours 
after death. 


There are perhaps two points of special interest 
in this case. The first concerns the pathogenesis of 
the condition. van Bogaert and Bertrand (1949), 
who call the condition “ familial idiocy due to 
spongy degeneration of the nervous system ”’, con- 
sider that it is a degenerative condition, probably 
abiotrophic because of its possible familial character 
and slow progressive course. They consider that 
it corresponds exactly to a chronic oedema of the 
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Fic. 13.—Cerebellar hemisphere showing persistence of the external 
granular layer, cystic changes in the Purkinje cell and granule 
cell layers, and in the white matter, with displacement of the 
Purkinje celis towards the pia mater. Celloidin, haematoxylin, 
van Gieson, * 60. 


Fic. 15.—Junction of pons and midbrain, showing the well myelinated 
superior cerebellar peduncles and transverse fibres of the pons. 
Celloidin, Loyez, x 3-5. 


grey and white matter. A similar view of the 
cause of the condition is given by Meyer (1950), 
who considered that there was an infiltration of 
the tissues by abnormal serous fluid; that there 
was, in fact, oedema. 

The chemical analysis suggests very strongly 
that myelination in the white matter of the brain 


Fic. 14.—Cerebellar hemisphere showing displacement of Purkinje 
cells and broadening of the Bergmann cell astrocytic layer, the 
nuclei of which are increased in number and size. Celloidin, 
haematoxylin, van Gieson, < 375. 


Fic. 16.—Transverse fibres of the pons which are well myelinated 
but cystic. The astrocytic nuclei are increased in size. Celloidin, 
Loyez, x 375. 


in this condition does not take place properly and 
that it stops in foetal life. The raised water content 
could be compatible with oedema of the brain, 
but if this had taken place during extra-uterine life 
the lipids, although lower than normal, would be 
considerably higher than were found. Further, the 
cortex and basal ganglia in this case do not show 
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the same degree of oedema or loss of lipids as does 
the white matter, and are in fact almost normal 
for the age of this child. 

The second point is whether this type of disease 
process should be included in a classification of 
diffuse demyelinating sclerosis such as that put 
forward by Greenfield (1950). 

To the naked eye there is such a similarity 
between the brain in the condition called “‘ spongy 
degeneration ’” by van Bogaert and Bertrand, and 
in conditions commonly accepted as diffuse demye- 
linating sclerosis, that its incorporation in such a 
classification is possible. However, our findings 
reveal that the widespread histological deficiency of 
myelin is associated with gross loss of all lipids 
chemically, which is compatible with a failure of 
maturation rather than with destruction of formed 
myelin. It seems unreasonable therefore to include 
this condition in the category of diffuse demyelinat- 
ing sclerosis. 


Case B (Pelizaeus Merzbacher Type) 


Clinical History—E. W. was a girl whose family 
history was very difficult to obtain. She was known 
to be the sixth child. It has not, up to date, been 
possible to obtain the medical history of the other 
five children. Her father was nine years in a mental 
hospital. She spoke at 1} years of age, walked at 3} 
years, and was clean in her habits at 4 years. At the 
age of 7 years 3 months she was well grown and normal 
in appearance but her mental age was about 3 years. 
At the age of 12 years when re-examined she had deter- 
iorated both physically and mentally. She was much 
more spastic, choreiform movements of the arms accom- 
panied voluntary movement, speech was very dysarthric. 
At the age of 13 her mental age was between 4 and 5, 
she had occasional epileptic fits, and she was doubly 
incontinent. She died shortly before her fourteenth 
birthday. 


Post-mortem Findings in Case B 


Dr. L. Phillips performed the necropsy. The 
brain showed moderate atrophy with ventricular 
dilatation. The white matter of the cerebral 
hemispheres had a greyish appearance with creamy 
coloured flecks and streaks (Fig. 17), due to small 
residual foci-of myelin in largely demyelinated 
tissue (Fig. 18). 


Histological Findings.—The histological findings 
are limited to a description of those regions which 
were examined chemically. 


Parietal Region—The leptomeninges and lepto- 
meningeal vessels appeared healthy. The cortex 
did not show any significant abnormality of cyto- 
or myelo-architectonics. The white matter, including 


the subsulcine regions, was poorly myelinated 
except around the larger blood vessels where myelin 
fibres were present (Fig. 19). The appearances 
were similar in sections stained by the Weigert-Pal 
method and in Loyez (celloidin) preparations. 
Nerve fibres were, however, numerous in all regions. 
Swellings upon the myelin sheaths were occasionally 
present but were not seen on the axons. Sudano- 
philic lipid was present in occasional phagocytes 
associated with a few lymphocytes around the 
larger blood vessels. Oligodendroglial nuclei were 
closely related in number to the myelinated nerve 
fibres, being fairly numerous around such larger 
blood vessels as were clothed in myelinated nerve 
fibres and being sparse between the blood vessels 
(Fig. 20). Astrocyte nuclei were only a little more 
numerous than normal. They were not larger than 
normal and the cytoplasm around them was not 
increased in amount. Astrocytic fibres, were, 
however numerous and ran in an _ isomorphic 
fashion. 


Basal Ganglia.—The nerve cells appeared normal 
in number and appearance in both the putamen 
and the pallidum. The myelinated nerve fibres 
were very slightly reduced in number and some 
showed varicosities. The number of oligodendroglial 
nuclei was definitely reduced. The astrocytes were 
slightly increased in number, sometimes occurring 
in pairs. Their perinuclear cytoplasm was not 
increased in amount but most of them had developed 
astrocytic fibrils in their processes. The perivascular 
spaces were enlarged and contained occasional 
globules of myelin but no cells. 


Chemical Results.—The results that have been 
found in this brain are illustrated in Table II. It 


TABLE II 
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is seen in the white matter that while there is an 
increased water content all the other substances 
are diminished in amount. The cortex shows a 
less severe loss of phospholipins with a normal 
water content, but some cholesterol esters are 
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Fic. 18.—Coronal section at the level of the corpora mam- 
miliaria stained for myelin. Note that the subsulcine fibres 
are not particularly spared but that the internal capsule, 
the optic tract, and the fibres of the lentiform nucleus are 
well myelinated. Celloidin, Kultschitsky-Pal. 


Fic. 17.—Posterior aspect of coronal slice at the level of the 
corpora mammillaria, showing the greyish appearance of 
the white matter apart from creamy coloured flecks and 
streaks (arrows) of myelin. 


Fic. 20.—Parietal white matter showing a few phagocytes 

Fic. 19.—Parietal white matter, stained for myelin, showing around the blood vessels, perivascular preponderance of 

perivascular sparing of the myelin. Celloidin, Kultschitsky- myelin and oligodendroglia, and little visible change in the 
Pal, x 110. astrocytes. Celloidin, haematoxylin, van Gieson, x 215. 


Fics. 17-20.—Degeneration of the Pelizaeus-Merzbacher type as seen in Case B. 
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present here as indicated by the difference between 
the amounts of free and total cholesterol. 

The absence of cholesterol esters in the white 
matter suggest that active demyelination is not 
occurring here and this, taken in conjunction with 
the generalized reduction of all lipids to a level 
found in the brain of a child of not more than 
2 years of age, suggests that myelination had 
proceeded normally to about this age, after which 
normal development had not taken place. How- 
ever, the changes found in the cortex do show that 
some active process of demyelination is at work in 
this region of the brain. 


Comment.—Apart from the lack of knowledge of 
the history of other members of the family this 
case is similar to those described clinically by 
Pelizaeus (1885) and the one described histologically 
by Merzbacher (1910). It is also similar to the 
cases described by Bielschowsky and Henneberg 
(1928), Liebers (1928), Bodechtel (1929), and 
Lowenberg and Hill (1933). 

The clinical, histological, and chemical evidence 
presented here is in favour of the white matter of 
the brain of case B having developed normally until 
about the age of 2 years. The chemical analysis 
revealed no breakdown products of myelin apart 
from the presence of cholesterol esters in the cortex, 
neither did the histological examination show any 
significant amount of sudanophilic fat still present. 


Case C (Krabbe Type) 


Clinical History.—D. B. (N.H. No. 21280), a boy, 
had three healthy older siblings. The family history 
contains no note of any similar case. The mother had 
a healthy pregnancy and delivery. The child’s develop- 
ment was retarded. He sat up at 10 months, slid 
around the floor at 1 year, but never learned to walk 
properly. At 18 months he talked, developed normally 
in this respect, and took an active, intelligent, normal 
interest in everything. A slight left hemiparesis was 
noticed at an early age, possibly from birth. At 
15 months the hemiparesis became worse after measles. 
At 2 years 1 month he developed epileptic attacks 
involving the left side of his body—three or four times 
a day. He was admitted to Charing Cross Hospital 
under the care of Dr. Doyne Bell where he was found 
to have a left spastic hemiplegia. Radiographs of the 
skull were normal. Cerebrospinal fluid protein was 
65 mg. per 100 ml.; cells, chlorides, and sugar were 
normal. The fundi were normal and the intelligence 
only slightly retarded. He was transferred to the 
National Hospital, Queen Square, under the care of 
Dr. E. Arnold Carmichael. The special senses appeared 
normal. The cranial nerves were normal apart from 
slight right facial weakness: motor system spastic 
diplegia with flexed upper and extended lower limbs : 
reflexes were absent because of the degree of spasticity : 


the plantar responses were extensor: sensation showed 
a response to pin prick. Radiographs of the skull were 
normal. An E.E.G. (Dr. W. A. Cobb) showed high- 
voltage, very slow waves, maximal on the right but 
present on the left also, without any indication of their 
focus of origin. 

The C.S.F. was clear and colourless, with 2 cells per 
c.mm., 180 mg. protein per 100 ml., and a Lange curve 
of 0012111000. 

A ventriculogram (Dr. D. Sutton) showed slight 
symmetrical dilatation of the lateral, third, and fourth 
ventricles. 

The patient was discharged home. He remained 
remarkably well for about 11 months and then developed 
bronchopneumonia from which he died at the age of 
3 years 2 months. 


Post-mortem Findings in Case C 


Dr. D. Haler performed the necropsy. Extern- 
ally the child appeared adequately nourished. The 
cause of death was a terminal bronchopneumonia. 
Apart from the brain the other organs did not show 
any significant abnormality. 


Central Nervous System.—Excess of cerebrospinal 
fluid was present on the surface of the brain, which 
was extremely congested and showed some degree 
of atrophy. 

Only the brain was available for examination and 
this weighed 800 g. (normal 1,141 g.). The cere- 
bellar hemispheres weighed 70 g., the brain-stem 
10 g., and the cerebral hemispheres 720 g. Extern- 
ally the brain appeared to be slightly and sym- 
metrically small, but no gross cortical atrophy was 
apparent. On section (Figs. 21 and 22) there was 
widespread replacement of the white matter of 
both cerebral and cerebellar hemispheres by a 
pinkish tissue which was slightly translucent except 
in the frontal lobes, where it was slightly granular. 
In the posterior parietal region the abnormality of 
the white matter was not always so complete 
peripherally as in the frontal lobes. The subsulcine 
fibres appeared normal, as also did the inferior 
third of the body of the corpus callosum, the fornix 
and the white matter of the hippocampal gyri, the 
optic tracts but not the optic radiations, the septum 
pellucidum, the striate fibres running between the 
caudate and the lentiform nuclei, and the subcortical! 
white matter inferior and medial to the anterior 
part of the corpus striatum. The lateral and third 
ventricles were slightly dilated. The cerebellum, 
which was very firm, showed extensive pinkish 
gelatinous replacement of the deep white matter 
with apparent sparing of the capsular fibres of the 
dentate nuclei. The midbrain looked poorly 
myelinated. The tegmentum of the pons appeared 
well myelinated but the pons proper appeared 
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demyelinated. In the medulla oblongata the pyra- 
mids appeared demyelinated but were not shrunken. 
The rest of the medulla appeared healthy. 


Histological Findings.—It was at once apparent 
that the white matter of the brain showed widespread 
replacement of myelin (Fig. 23) by inflammatory 
cells, the most prominent of which were “ endo- 
thelioid ’’ cells or “* globoid ” bodies (Fig. 30), as 
described by Krabbe (1916) and Collier and Green- 
field (1924). 


White Matter.—The pathological process was 
bilaterally symmetrical. In the cerebrum it affected 
especially the white matter, with relative sparing of 
the subsulcine fibres. The fornix, the alveus, the 
white matter of the hippocampal gyrus, and the 
myelinated fibres in the thalamus and lentiform 
nucleus on either side were spared. The optic 
nerves, chiasm, tracts, and radiations were involved, 
although myelinated fibres were still present in 
these structures. 

In the cerebellum the white matter of the vermis 
appeared healthy. In the hemispheres the process 
increased in severity as the nerve fibres of the folia 
approached the deeper white matter, where the 
process was well marked. The amiculum of each 
dentate nucleus and the superior cerebellar peduncles 
appeared healthy. The middle cerebellar peduncles 
were affected. 

In the brain-stem the superior cerebellar peduncles 
appeared healthy. The cerebral peduncles and 
pyramids contained very few myelinated fibres and 
like the internal capsules were affected by the 
process, but globoid bodies were not numerous. 
The middle cerebellar peduncles and the transverse 
pontine fibres were severely involved. The inferior 
cerebellar peduncles did not contain quite as many 
myelinated fibres as usual. The medial lemnisci 
were very poorly myelinated except in their posterior 
parts. The lateral lemnisci, the dorsal tegmental 
tracts, the fifth nerve complexes, and the fasciculi 
solitarius appeared healthy. The olivo-cerebellar 
fibres were less numerous than normal and were 
the site of a globoid body reaction. 

The spinal cord was not available. 


Gray Matter.—In contrast to the white matter 
the gray matter was relatively healthy. In the 
cerebral cortex the number of nerve cells appeared 
to be slightly fewer than normal. There was no 
astrocytic abnormality. Radial and tangential 
myelinated fibres were present, especially in the 
line of Gennari. The caudate and lentiform nuclei 
appeared normal. In many regions of the thalamus 
there was considerable astrocytic hyperplasia with- 


out marked cell loss. In the cerebellum, in the cortex 
of the hemispheres there was moderate loss of 
granule cells and of Purkinje cells, many of which 
showed “torpedo” swellings upon their axons. 
The cortex of the vermis appeared healthy. The 
dentate nuclei appeared healthy. In the brain-stem 
the substantia nigra appeared healthy as did the 
cranial nerve nuclei at the levels examined. Many 
of the nerve cells of the pontile nuclei had dis- 
appeared. This feature was associated with slight 
local astrocytic hypertrophy and hyperplasia, but 
very little glial fibre formation. Some nerve cells 
had disappeared from the inferior olivary nuclei 
with slight fibrous gliosis. 


Detailed Histology of the White Matter.—The 
process in the white matter of the cerebrum and 
cerebellum, although essentially of the same nature, 
did not appear to be of the same age in all regions. 
In the medial part of the white matter of the frontal 
lobes and in the cerebellar hemispheres the process 
appeared to be most recent, for here there were a 
considerable number of myelinated nerve fibres, 
many compound granular corpuscles containing 
sudanophilic lipid and anisotropic elongated crystal- 
line material (possibly cholesterol esters) and very 
little astrocytic fibre formation. In other regions, 
such as the temporal lobes, there were few myelinated 
nerve fibres, sudanophilic lipid was not present, and 
astrocytic fibre formation was slight. Lastly there 
were regions where the process appeared to be the 
oldest, as in the superior part of the frontal lobes, 
in the parietal lobes and especially in the occipital 
lobes, where the cellular reaction was generally 
less and the astrocytic gliosis was intense. Here 
the gliosis extended into the subsulcine fibres, 
which were less spared than in regions where the 
process appeared to be more recent. 


Myelin—In the deeper white matter some 
myelinated nerve fibres were usually present, except 
perhaps in the oldest affected regions. In the other 
regions isolated fine myelinated fibres could quite 
often be seen. There was no evidence that the loss 
of myelin was noticeably greater than the loss of 
nerve fibres. Where myelinated fibres were more 
numerous, as they were in the frontal lobes, 
oligodendroglial nuclei were quite numerous. 


Cellular Response : ‘‘Free”’ (Myelin) Bodies.—The 
cellular response (Fig. 31) was characterized by the 
presence of “‘ free bodies ’’, called “‘ myelin bodies ”’ 
by Ferraro (1927). These were ill-defined, structure- 
less, or faintly granular, sometimes globular masses, 
without attendant nuclei (Fig. 24), but with staining 
characteristics similar to the material within the 
globoid bodies (vide infra) although it stained less 
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Fic. 21.—Posterior aspect of coronal section through posterior 


frontal region. Fic. 22.—Posterior aspect of coronal section at the level of the 


red nucleus. 


Fic. 23.—Coronal section at the level of the corpora mammillaria 
(the brain being somewhat distorted), stained for myelin. Fic. 24.—Frontal white matter. The arrows point to the ill- 
Note the extensive loss of myelin from the white matter with defined masses of material without attendant nuclei. 
sparing of the U fibres. Celloidin, Loyez. Celloidin, mucicarmine, x 250. 


Fics. 21-34.—Degeneration of Krabbe type as seen in Case C. 
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Fic. 25.—Frontal white matter. At A is a mass of material Fic. 26.—Parietal white matter, stained for astrocytic fibrils which 
similar to that seen in Fig. 24 but along one border are can be seen surrounding a group of small globoid bodies at A. 
elongated nuclei. At B are two globoid cells. Celloidin, The arrows point to reactive astrocytes. Celloidin, Mallory’s 
mucicarmine, * 250. phosphotungstic acid haematoxylin, * 425. 


Fic. 27.—Parietal white matter stained for astrocytic fibrils which can be seen surround- 
ing a large globoid body. The reaction is similar to that round a foreign body. 
Mallory’s P.T.A.H., x 425. 


Fic. 29.—Parietal white matter. Another stage 
in the envelopment of abnormal material 
by microglia. Frozen, Hortega microglia 
impregnation, = 750. 
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Fic. 28.—Corpus callosum. Near the centre of the picture are some masses of very 
faintly P.A.S. positive, abnormal material around which microglia are radially 
arranged. Frozen, Hortega microglial impregnation and P.A.S., x 260. 
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strongly. Some similar masses had one or two 
nuclei situated at the periphery (A. Fig. 25) and 
were then intermediate between the free bodies and 
the globoid bodies. 


Cellular Response: ‘‘ Globoid Bodies’’.—The 
presence of ‘‘globoid bodies” was the second 
characteristic of the cellular response. These cells, 
rounded or flattened by mutual pressure, were of two 
main types. They were either small with one or two 
nuclei (Fig. 26) or large (from 20u diameter to 50u x 
40u. diameters) and multinucleated (usually about six 
nuclei, sometimes as many as 15 nuclei) (Fig. 27). 
In general, the larger the globoid body the mcre 
numerous were the nuclei, which had a well 
defined nuclear membrane and a few scattered 
granules of chromatin. The nuclei lay at the 
periphery of a protoplasmic mass and were rounded, 
ovoid, or elongated, according to the plane of 
section. In general the size of the nuclei (greatest 
diameter about Ily, least about 3) was less than 
that of the nuclei of adjacent reactive astrocytes, 
some of which were as large as I5u x Ju. The 
protoplasmic mass, often finely granular and denser 
peripherally, was sometimes vacuolated. 

The globoid bodies were more numerous towards 
the junction of white and gray matter, where the 
large ones were usually solitary and only rarely 
related to blood vessels. The smaller ones were 
found in groups, either remote from or encircling 
the small blood vessels, where they were associated 
with a small number of lymphocytes (Figs. 30 and 
31). In the deeper parts of the white matter, in 
what appeared to be older lesions, very few of the 
larger bodies were present and the smaller bodies 
were fewer with a relative preponderance around 
the blood vessels. 

The staining reactions of the material within the 
globoid bodies were as follows : 





Stain Staining Reaction 





Haematoxylin van Gieson | A greyish colour with a faint tinge of 
yellow 
Mucicarmine . | Faint pink staining 


Toluidine blue mounted in | Bluish, no metachromasia 
“ s “199 | 


Microil 
P.A.S. i PA .. | Positive, pink colour, finely granular 
Congo red . | Negative for amyloid 


Sudan black B Generally brownish with some fine 


black granules 


Sharlach R haematoxylin | Diffuse pale rose pink colour. In 
| regions where the pathological process 
appeared to be most recent and the 
white matter appeared to be actively 
| disintegrating, some of the large as 
well as many of the small globoid 
bodies contained droplets of sudano- 
philic material. 
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Reaction of the Astrocytes.—In the white matter 
there was a widespread reaction consisting, in the 
more recent lesions, of hypertrophy and hyperplasia 
with scanty glial fibre formation, and in the older 
lesions, such as in the occipital lobes, of dense 
fibrous gliosis associated with swollen astrocytes. 
The cytoplasm of the astrocytes did not have the 
same staining reactions as that of the globoid 
bodies (Fig. 30). Where astrocytic fibres and 
globoid bodies were close together the astrocytic 
fibres appeared to surround the globoid bodies and 
not to emerge from them (Figs. 26 and 27). There 
was no evidence of transitional forms between the 
astrocytes and the globoid bodies. 


Reaction of Phagocytic Cells.—There was moderate 
activity of phagocytic cells in the deeper layers of 
the cortex, where the majority of the cells appeared 
to be microglia with thickened and retracting pro- 
cesses. There was greater activity in the subsulcine 
regions and especially in the superficial parts of the 
white matter where phagocytes were reacting both 
to sudanophilic material and to P.A.S.-positive 
material. It was not possible to distinguish between 
microglia and adventitial phagocytes. In regions 
where myelinated nerve fibres appeared to be 
actively disintegrating, phagocytic cells distended 
with sudanophil particles and anisotropic crystalline 
material were visible. The response of the phago- 
cytic cells to the P.A.S.-positive material was 
clearly seen in frozen sections impregnated with 
silver for microglia and counterstained with P.A.S. 
The earliest stage appeared to be a radial arrange- 
ment of microglia (or microglia-like cells) around 
faintly staining and not clearly delimited P.A.S.- 
positive material (Fig. 29). Later stages con- 
sisted of envelopment of large or small masses of 
this material by the phagocytic cells, whose nuclei 
and processes became arranged around the periphery 
of the material, which became more clearly delimited 
and more strongly P.A.S. positive (Figs. 29, 32, 33, 
34). A large mass, encompassed by several phago- 
cytic cells, such as that shown in Fig. 34, would, 
if stained by haematoxylin van Gieson, be identical! 
with a globoid body (B. Fig. 25). 


Reaction of the Blood Vessels.—There did not 
appear to be much reaction on the part of the 
cellular components of the vessel walls, even in 
regions where the process appeared to be most 
active. There was, however, a striking similarity 


between the size, shape, and staining qualities of 


the nuclei of the walls of the small vessels and those 
of the phagocytic cells enclosing P.A.S.-positive 
material which were present in the adjacent peri- 
vascular spaces. 
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Fic. 30.—Frontal white matter. Near the centre 
are one large and several small globoid bodies 
with greyish cytoplasm. Many reactive 
astrocytes with orange cytoplasm are visible. 
The cells around the venule are chiefly 
lymphocytes. Celloidin, haematoxylin, van 
Gieson, x 250. 


Fic. 31.—In this section the P.A.S.-positive 
material can be seen in solitary large globoid 
bodies and in small globoid bodies grouped 
either remote from or around small blood 
vessels. Celloidin, P.A.S., haematoxylin, 
x i725. 


Fics. 32, 33, 34.—Stages in the envelopment of 
P.A.S.-positive material by phagocytic cells. 
The material becomes more clearly delimited, 
and more strongly P.A.S. positive. Compare 
the body indicated by the arrow (Fig. 34) 
with a globoid body (B. Fig. 25). Frozen, 
Hortega microglia impregnation and P.A.S., 


x 400. “Fic. 34 
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Chemical Results.—Table III gives the results 
obtained in the case in which globoid bodies were 


TABLE III 
LIPID CONTENT IN BRAIN * IN GLOBOID BODY TYPE 





Basal 
Ganglia 


| Cerebral 


Cerebral 
| Cortex 


White 





Monoamino phospholipin 
Sphingomyelin. . : 
Lecithin si 
Kephalin ‘. 

Total cholesterol 

Free cholesterol 
Cerebroside 

Water .. 


Total phospholipin .. be | 
| 
| 


84- 





* Brain formalin fixed for two weeks. 
t+ Results in g./100 g. fresh tissue. 


found histologically. There is a considerable 
reduction in the quantities of the phospholipins 
and of cholesterol in the white matter. These 
results are compatible with those seen in the brain 
of a child of under | year of age, and would suggest 
an arrest of myelination at such an age, together 
with some degeneration of the myelin. The cortex 
shows far less change from the normal, but there 
is a very slight increase in cholesterol. 

The most noticeable feature is the increased 
amount of cerebroside that is present in all areas 
in comparison with that found in a brain of a child 
of similar age. It is very difficult in children to 
obtain cortex free from the subcortical fibres, and 
this probably accounts for the relatively high figure 
found in the cortex, more especially as the amount 
of cerebroside found in the basal ganglia is much 
nearer the normal figure for the age. 

Estimations of neuraminic acid were also made 
in view of the increase of cerebroside and of 
neuraminic acid in amaurotic family idiocy (Klenk 
and Langerbeins, 1941 ; Cumings, 1953), but the 
amounts of this substance were only just above 
the normal range in the white matter, the cerebral 
cortex and the basal ganglia in the brain of this case. 

It would appear that the increase of cerebroside 
must be related to the presence of the stainable 
material in the globoid bodies. This would confirm 
by chemical methods the suggestion made by 
Hallervorden (1950) that this material might be 
kerasin, which is one of the cerebrosides in brain. 

No organs from this case being available for 
examination, it was not possible to determine 
whether cerebroside was increased in areas other 
than the brain. 


Comment.—This case is essentially similar, histo- 
logically, to those reported by Krabbe (1916), 
Neubiirger (1922), Collier and Greenfield (1924), 
Eisner (1924), Ferraro (1927), de Lange (1940), 


Einarson, Neel, and Stromgren (1944), Hallervorden 
(1950), Kaijser and Lundquist (1948), and de Lange 
(1950). 

The case of Guillan, Bertrand, and Gruner (1941) 
was much more focal, the process being confined 
to the basal ganglia, pons, and medulla. Their 
case, like those of Ferraro, was in an adult. The 
spinal cord was involved in the only case in which 
all of it was examined (Kaijser and Lundquist, 1948). 

Opinion has been sharply divided upon the 
origin of the globoid bodies or epithelioid cells as 
they have been called by many. Some authors 
have considered that they arose from astrocytes 
(Krabbe, Guillan, and others) either directly or in 
association with embryonic reversion such as is seen 
in gliomata (de Lange, Einarson, and others ; Kaijser 
and others). Collier and Greenfield considered them 
to be of astrocytic origin but Spielmeyer, to whom 
the sections were submitted, considered them to 
be of mesodermal origin, an opinion with which 
Greenfield (1950) now concurs. The mesodermal 
origin of the globoid bodies was first put forward 
by Neubiirger who considered that they arose from 
vascular adventitial cells, an opinion with which 
Eisner and Hallervorden agreed. Ferraro (1944) 
considers that both adventitial cells and microglia 
may be involved. The earliest authors had not the 
advantage of the silver staining methods introduced 
by Del Rio-Hortega which, applied to the material 
from Case C, appears to demonstrate quite clearly 
that the globoid bodies result from the attempt 
of phagocytes to deal with an abnormal P.A:S.- 
positive material, which is cerebroside, and the 
histological appearances of these cells are compatible 
with a microglial origin. 


Summary 


Material from the brains of three cases of diffuse 
cerebral sclerosis has been examined, both histo- 
logically and chemically, but only one spinal cord 
was available for histological examination. 

The brain and the spinal cord from an example 
of the “‘ spongy type’ (Canavan) showed similar 
histological features to those previously reported, 
while the chemical findings suggested an arrest of 
myelination of the cerebral white matter during 
late foetal life. 

The second case, an example of the Pelizaeus- 
Merzbacher type, showed histological features 
typical of this disorder. Chemical analysis revealed 
a probable arrest of myelination of the white matter 
in early childhood, but with a more mature cortex 
which showed recent degeneration. 

The last case, one of the Krabbe type, showed 
typical ‘“‘ globoid bodies” histologically. The 
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material in these bodies was found chemically to be 
cerebroside and this substance had excited a 
microglial reaction. 


We desire to express our thanks to those physicians 
already named, to Dr. T. N. Nauth-Misir and Dr. L. 
Phillips for the clinical details and post-mortem material 
of Case B, to G. T. M. Methold, Esq., H.M. Coroner 
for Guildford, for permission to publish the findings 
in Case C, and to Dr. E. K. Baasch for assistance with 
the foreign literature. 

Our thanks are also due to Messrs. H. J. Cutmore, 
H. Goodwin, R. C. Shortman, and other members of 
the technical staffs for their assistance, and to Mr. J. A. 
Mills for the photographs. 

The cost of the coloured plates was met by a grant 
from the Joint Research Advisory Committee. 
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The syndromes of amyotrophic lateral sclerosis 
and progressive spinal muscular atrophy are 
regarded by many authors as differing in some 
respects from the group of systematized degenera- 
tions of the nervous system (Wilson, 1940). One 
reason for this segregation is that apparently 
systematized lesions, producing a similar clinical 
condition, may on occasion be produced by a 
variety of aetiological agents. Among these agents 
the virus of epidemic encephalitis has frequently 
been incriminated but has been largely overlooked 
by British authors. It therefore seems worth while 
to report on two patients in whom “ motor neuron 
disease ’’ was superimposed on Parkinsonism which 
was attributable to encephalitis, with certainty in 
one case and with strong probability in the other. 


Case 1. J.C. 17694.—A man aged 39 was first admitted 
to King’s College Hospital under Dr. S. Nevin in 
November, 1948. At the age of 18 he had had an attack 
of ‘influenza ’’ during which he was unconscious for 
about two weeks nd it seems very probable that this 
was an acute episode of encephalitis although no further 
details are available. He remained well until the age of 
28 when he developed slowly increasing tremor of the 
right hand and stiffness and slowness of movement of 
the right arm, soon spreading to involve the left arm. 
At about this time he began to hold his head tilted to the 
left and this persisted until his admission. Aged 31 he 
began to have oculogyric crises in which his eyes would 
turn upwards and remain there for several hours during 
which time he would have compulsive thoughts about 
his financial worries. He first attended hospital with 
these symptoms at the age of 36 and was thought to 
show the typical appearances of post-encephalitic 
Parkinsonism and eventually he was admitted for a 
trial of the newer forms of treatment. 

The only possibly significant past history was of an 
attack of *‘ St. Vitus dance” at the age of 12, and no 
neurological disease was known in the family. 

On his admission in 1948 he showed the features of a 
moderately severe post-encephalitic Parkinsonism with 
tremor of both hands, rigidity of all limbs, immobile 
facies, blepharoclonus and, in addition, flexion of the 
neck to the left. Oculogyric crises, which were occurring 
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about once a week, were observed in hospital. All the 
tendon reflexes were very brisk but the plantars were 
flexor. No wasting was seen but fasciculation was 
observed in the upper arms. 

His tremor was greatly relieved by treatment but the 
oculogyric crises continued unabated. In 1949 he first 
noticed weakness of the right arm, but paid little attention 
to this until 1952, when wasting of the right hand became 
evident and on this account he was again admitted to 
hospital in September, 1952. 

On examination he was intelligent and had good 
insight into his condition. There was no anosmia and 
the optic fundi and vision were normal. The external 
ocular movements were full, apart from inability to 
converge, and the pupils reacted normally to light but 
not on attempted convergence. The facies had a mask- 
like appearance and there was well marked blepharo- 
clonus but there was no weakness of the facial muscles. 
There was no sensory loss on the face and hearing was 
normal. The palate and tongue were normal in appear- 
ance but his speech was unduly rapid and monotonous 
in tone. His head was held slightly flexed to the left and 
could only be held upright by an effort of concentration. 

Obvious wasting was present in the muscles of the 
right hand and forearm and to a lesser extent on the 
left, with weakness of similar distribution. Fasciculation 
was widespread in the muscles of both hands and arms 
and of the shoulder girdle. No weakness, wasting, or 
fasciculation was observed in the legs. A moderate degree 
of rigidity of cogwheel type was present in all limbs and 
both hands showed an intermittent Parkinsonian tremor. 
The tendon reflexes were all brisk, the left plantar was 
flexor and the right probably extensor. No sensory loss 
was found. 

The cerebrospinal fluid was under normal pressure 
with no evidence of spinal block and contained 1 cell 
per c. mm. and 15 mg. of protein per 100 ml. The 
Wassermann reaction was negative in the blood and 
cerebrospinal fluid and radiographs of the cervical spine 
were normal. Partial reaction of degeneration was 
present in the small muscles of the right hand and 
electromyography with needle electrodes showed fasci- 
culation and fibrillation potentials in the same muscles. 

When last seen on March 18, 1953, the wasting and 
weakness had advanced in both arms but the tremor was 
now less pronounced and was confined to the right hand. 
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The tendon reflexes in the arms were now definitely 
exaggerated and both plantars were now extensor. 

This patient developed Parkinsonism, torticollis, and 
oculogyric crises 10 years after a presumed attack of 
encephalitis, and, after a further 12 years, a condition 
clinically indistinguishable from amyotrophic lateral 
sclerosis. 


Case 2. F.W.*—A man aged 57 was admitted to 
King’s College Hospital in July 1952 under Dr. Mac- 
Donald Critchley. At the age of 31 he first experienced 
slight difficulty in walking due to a feeling of stiffness 
beginning in the left foot and soon spreading to the right. 
This was attributed to flat feet and, although his abnormal 
gait was noticeable to others, the disability was slight and 
he did not consult a doctor. At the age of 42 he first 
developed a tremor of the left hand and it was noticed 
that he did not swing this arm when walking. The 
tremor soon involved the right arm and was accompanied 
by slowness of movement and fatigue on slight exertion. 
The gradual advance of these symptoms made his office 
work and travelling increasingly burdensome, and in 
1948 he first noticed that, when he returned exhausted 
in the evening, his eyes would become fixed in gaze to 
the right. This could be overcome by a voluntary effort, 
but the eyes would revert to their former position when 
his concentration was relaxed and would only return to 
normal after he had rested for an hour. 

At about this time he was recognized as a case of 
Parkinsonism but derived little benefit from treatment 
except that the ocular symptoms were seldom trouble- 
some after 1950. After walking a short distance he 
would develop an acute flexion of the trunk and was 
beginning to have difficulty in turning over in bed and in 
getting into his bath. In September, 1951, he noticed a 
curious sensation of discomfort and distension in all the 
muscles of the trunk and limbs. He thought that his 
limbs were becoming generally thinner and he was 
having increased difficulty in walking due to weakness 
rather than to stiffness of the legs. In October, 1951, he 
first attended the neurological clinic at King’s College 
Hospital. 

At that time he showed the signs of moderately 
advanced Parkinsonism with immobile facies, rigidity of 
all limbs, and tremor of both hands, the left more than 
the right. His posture was not the typical attitude of 
flexion but the spine was held extended with a marked 
lumbar lordosis. There was no disturbance of reflexes 
and, although the limbs were thin, there was no localized 
wasting and no fasciculation. 

in spite of treatment his symptoms progressed so that 
by December, 1951, he could no longer dress or shave 
himself or get out of bed unaided. He felt an increasing 
general weakness and, in January, 1952, complained of 
specific weakness of the right arm. The reflexes in the 
arms were now diminished and fasciculation was seen in 
many muscles in all limbs but no reaction of degeneration 
was found in the muscles of the right arm. Tremor and 





* This case is that referred to as No. 31 in the article on 
“ The Brain-stem Lesions in Parkinsonism” by J. G. Greenfield and 
F. D. Bosanquet. 1953. Journal of Neurology, Neurosurgery and 
Psychiatry, 16, 213. 


rigidity were still marked in the arms. In March, 1952, 
there was obvious localized wasting of the muscles of the 
right hand, and electromyography showed fibrillation 
potentials in these muscles. The patient was reluctant to 
enter hospital but increasing weakness and alarming 
symptoms of breathlessness at rest and regurgitation of 
fluids down the nose finally led to his admission in 
July, 1952. 

No history of a possible attack of encephalitis in the 
past could be obtained and no similar disease had 
occurred in the family. 

On admission he was almost helpless and lay motion- 
less in bed and was unable to feed himself. His mental 
condition appeared normal. There was no anosmia and 
the optic fundi and pupils were normal. The external 
ocular movements were full apart from restricted con- 
vergence ; there was no sensory loss on the face and no 
obvious weakness of the face or jaw. The palate moved 
centrally but through a small range and movements of 
the tongue were slow although there was no wasting. 

The entire musculature of the trunk and limbs was 
severely and symmetrically weak and wasted, the proxi- 
mal muscles of the arms, in particular, being almost 
powerless and the chest expansion negligible. Constant 
fasciculation was present in the muscles of the arms and 
shoulder girdle. Tremor was now only slight and inter- 
mittent and rigidity, while still present, was less than 
formerly. The tendon refiexes were absent in the arms 
but were present and normal in the legs and the plantars 
were flexor. There was no sensory loss. 

The blood pressure was 150/95 mm. Hg and, apart 
from rhonchi at the bases of both lungs, no abnormality 
was found on general examination. 

The cerebrospinal fluid was under normal pressure 
with no evidence of spinal block and contained 2 cells 
per c. mm. and 35 mg. of protein per 100 mi. The 
Wassermann reaction was negative in the blood and 
cerebrospinal fluid. 

In the succeeding few days he had frequent choking 
attacks while eating. Respiration became increasingly 
embarrassed and on July 7 he had repeated attacks of 
respiratory arrest with loss of consciousness and died 
that night. A partial necropsy was performed 36 hours 
after death, the brain and spinal cord being removed 
and fixed in formol saline. 


Histology of Brain and Spinal Cord 


Large celloidin blocks were prepared from the 
frontal, Rolandic, parietal, and occipital lobes, 
from the basal ganglia at five levels in the coronal 
plane, and from the cerebellum. Sections from 
these were stained by thionin, haematoxylin-van 
Gieson, haematoxylin phloxin-tartrazin (Lendrum), 
and Mallory’s phosphotungstic acid haematoxylin. 
In addition frozen sections from the frontal, 
Rolandic, hippocampal, and temporal regions of 
the cortex were stained by the silver methods of 
van Braunmiihl and Bielschowsky. The mid-brain, 
pons, and upper medulla were embedded in paraffin 
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after being mordanted for several days in saturated 
mercuric chloride solution, and sections from them 
were stained by thionin, Lendrum’s method (as 
above), haematoxylin-van Gieson, phosphotungstic 
acid haematoxylin, Azan, Congo-red, and Holmes’ 
reduced silver method. Serial sections were made of 
the mid-brain. Sections from various segments of 
the cervical, thoracic and lumbo-sacral regions of 
the spinal cord were made after embedding in 
paraffin or celloidin. These were stained by thionin, 
Lendrum’s method, haematoxylin-van Gieson, Azan, 
Loyez myelin method, phosphotungstic acid haema- 
toxylin, and the Gros silver method. Sections from 
two levels of the lumbo-sacral enlargement were 
also stained by the Swank-Davenport method for 
degenerating myelin. 


Cortex.—Sections of the cortex show no abnor- 
mality. In sections stained by silver impregnation 
no senile plaques or nerve cells showing Alzheimer 
tangles can be seen either in the hippocampus or 
isocortex. 


Caudate-putamen and Globus Pallidus.—In the 
basal ganglia the caudate-putamen (corpus striatum) 
appears quite normal. In the globus pallidus 
there is a diffuse and definite loss of nerve cells, 
and excess of lipochrome in many that remain. 
There is also a slight diffuse gliosis, in the sense 
that sparse neuroglial fibres can be seen running long 
distances across many high-power fields, but 
spider cells are not seen. The larger arteries show 
incrustation of their media, and there is a narrow 
but dense layer of neuroglial fibres around them. 

No changes can be seen in the corpus Luysii. 


Substantia Nigra.—In the substantia nigra there 
is a widespread and severe loss of nerve cells with 
considerable glial scarring in the groups in which 
the greatest cell loss has occurred. The best 
preserved groups are the most mesial, that is, those 
nearest the sulcus oculomotorius. 

Many cells, especially in the oral and lateral 
parts of this nucleus, show neurofibrillary change 
which appears as a faintly haematoxophilic, highly 
refractile striation, with loss of Nissl granules. 
In some cells it affects only one half, but in most 
cases the whole of the nerve cell is involved. Melanin 
pigment has disappeared from such cells in part or 
entirely. Sometimes scattered melanin granules in 
or round the margin of the cell draw attention to 
its presence, especially in sections stained by 
thionin, which leaves the cell body unstained. 
Some cells appear to retain their limiting membranes, 
and appear rounded, pyriform, or bipolar, but others 
appear as tangles of coarse fibrils, of the same size 





or rather larger than the neighbouring nerve cells, 
and more or less rounded or triangular in shape ; 
they appear to have lost their nucleus and their 
limiting membrane. With Congo red and to a less 
extent with Lendrum’s stain these tangles appear 
anisotropic, but not brilliantly so. 

Two or more such degenerated nerve cells may 
be seen fairly close together, but in the substantia 
nigra many fields, and in fact many serial sections, 
may be searched without any being found ; in the 
locus coeruleus they were more abundant. 

Throughout the substantia nigra there is a tendency 
for the nerve cells to contain more lipochrome 
pigment than normal. This usually lies, as a rounded, 
colourless or faintly yellow mass of granules, 
between the nucleus and the melanin pigment. 

A binucleated nerve cell is present in the mid-zone 
of the caudal part of the substantia nigra. Occasional 
cells contain single vacuoles, which may be as large 
as the nucleus, and which usually lie under the margin 
of the cell. The Nissl granules in these cells stain 
well, though they and the nucleus may be displaced. 
Careful examination shows that these vacuoles are 
in fact empty of any stainable cytoplasm. They are 
seen not only in sections stained by thionin but also 
in those stained by more complete methods. 

In the lower part of the oculomotor nucleus two 
cells are seen containing single concentric Lewy 
inclusions with a sharply defined phloxino-philic 
core (Figs. | and 2). Several cells in this nucleus on 
both sides of the mid-line are undergoing neuro- 
fibrillary degeneration (Figs. 3 and 4) and a senile 
plaque was found in this nucleus in a section 
stained by Holmes’ method (Fig. 5). A few of the 
pigmented cells of the locus coeruleus also show 
neurofibrillary change in varying degree, sometimes 
so severe that the cell appears merely as an abnormal! 
orientation in the fibrillar structure of the ground 
substance. Anisotropism with Congo red and with 
Lendrum’s stain show these to be true neuro- 
fibrillary tangles. 

The medulla shows no abnormality except an 
excess of lipochrome in the cells of the vestibular 
nuclei. No gross abnormality was seen in the nucleus 
ambiguus or hypoglossal nucleus. 


Spinal Cord.—In the cervical enlargement (5-8C) 
there is a general loss of nerve cells, which appears 
greatest in the fifth and sixth segments. Many nerve 
cells are shrunken and some contain a great excess 
of lipochrome. In a few a more homogeneous 
rounded area is seen among the lipochrome granules, 
but no typical Lewy inclusions. Various degenera- 
tive changes are present in some of the cells. 
Occasional hyaline acidophilic and argyrophilic 
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Fic. 1.—Concentric cytoplasmic inclusion of Lewy type 
in a cell of the oculomotor nucleus. Lendrum’s 
phloxin tartrazine. x 660. 


Fic. 2.—Concentric Lewy inclusion in cell of oculo- 
motor nucleus. Lendrum’s phloxin-tartrazine. x 900. 


Fic. 3.—Neurofibrillary change in cell of oculomotor 
nucleus. Haematoxylin-van Gieson. x 600. 


Fic. 4.—Neurofibrillary change in cell of oculomotor 
nucleus. Holmes’ reduced silver method. x 450. 


Fic. 5.—Senile plaque in oculomotor nucleus. Holmes’ 
reduced silver method. x 200 
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Fic. 6.—Axonal swellings in the base of the ventral horn of the 
eighth cervical segment. Gros silver technique. x 100. 


bodies are seen lying among or just dorsal to the 
nerve cells in the ventral horn; some reach the 
size of the smaller nerve cells (Fig. 6); they appear 
to be swollen axons. In the sixth thoracic segment 
the ventral horn cells appear shrunken, though not 
much reduced in number ; many contain an excess 
of lipochrome, which may push the nucleus against 
the cell margin. 

In the lumbo-sacral enlargement the celi loss is 


very obvious, especially in the lateral group of the 
ventral horn, where very few nerve cells remain. 


Fic. 7.—Argyrophilic balls (possibly axonal swellings) in the anterior 
border of the ventral horn. Lumbar segment. Gros silver 
technique. x 100. 


Many of these are small bodies consisting chiefly of 
lipochrome granules among which are sparse Niss| 
granules. The few larger nerve cells which remain 
also contain an excess of lipochrome. Swellings on 
the axons are very noticeable here. A few large 
swellings about half the diameter of the larger nerve 
cells are seen internal to the postero-lateral group 
of nerve cells. On the anterior border of the ventral 
horn there are numerous smaller argyrophilic 
bodies, which may form clumps of 20 or more 
(Fig. 7). These seem to be common findings in the 
lumbar cord (Dr. Marion C. Smith, personal 
communication). Many of the axons near the 
surface of the cord in all the columns are somewhat 
swollen, but no tract degeneration could be seen by 
Loyez myelin stain. There is considerable neuroglial 
overgrowth in the grey matter in the more affected 
segments of the cervical and lumbo-sacral enlarge- 
ments. It is greatest at the bases of both ventral and 
dorsal horns where the branches of the anterior 
spinal artery are surrounded by zones of fairly 
dense fibrous gliosis. Elsewhere, especially where 
the loss of nerve cells is greatest, many binucleated 
and some trinucleated astrocytes, with thicker 
processes than normal, are present. 

The sections stained by osmic acid showed no 
abnormality except excess of lipochrome in the nerve 
cells. 


Discussion 


A variety of forms of amyotrophy has been 
attributed to epidemic encephalitis. Many of these 
have been localized, radicular, and non-progressive 
and usually evident immediately after the acute 
attack (Margulis, 1926). In a further group of 
cases the clinical picture has not resembled motor 
neuron disease, the wasting being hemiplegic, 
(Roger and Cain, 1947; Decourt, Mathieu, and 
Meyer, 1934; Grinker, 1920), remittent (Froment 
and Gennevois, 1921 ; Froment, 1925), or accom- 
panied by sensory loss (Roger and Cain, 1947). 
There remain, however, a number of case reports 
of a clinical syndrome closely resembling motor 
neuron disease coexisting with undoubted evidence 
of chronic encephalitis. 

The frequency with which this combination has 
been reported makes it unlikely that this is a mere 
chance association of two diseases. The most 
important contribution is that of Wimmer and 
Neel (1928) who reported 20 cases, and, while it is 
difficult to accept all their case reports, they seem 
to have established that a progressive, apparently 
systematized, spinal amyotrophy, with or without 
pyramidal involvement, may occur as part of a 
post-encephalitic syndrome. The clinical features 





aa ae: a oS 


POST-ENCEPHALITIC PARKINSONISM 55 


may be illustrated from the reports of other authors. 
Amyotrophy may develop immediately after the 
acute attack of encephalitis (Jancs6, 1928), after a 
brief delay (Ornsteen, 1930), or after a more pro- 
longed interval, e.g. seven years (Carr, 1926; 
Illing, 1932 ; Lhermitte, Thibault, and Ajuriaguerra, 
1938), 10 years (Kral, 1938), or even 18 years 
(Milhorat, 1946). The muscles of the arms are 
usually affected first but occasionally bulbar palsy 
may be the presenting symptom (Jancs6, 1928). 
Signs of pyramidal disease were present in most of 
the reported cases, but may be absent throughout 
(Milhorat, 1946) as in the present Case 2. Pro- 
gression may be rapid but many patients survive 
longer than is usual in amyotrophic lateral sclerosis. 

In many of the cases reported shortly after the 
years of the epidemic the history of encephalitis 
was indisputable. Acceptable signs of a _post- 
encephalitic syndrome are often present such as 
continued sleep disturbance (Salus, 1929), obesity 
and narcolepsy (Kral, 1938), and oculomotor 
disorders (Wimmer and Neel, 1928). Parkinsonism 
was regarded as rare by Wimmer and Neel, only 
one of their cases showing the full syndrome, 
although two others showed minor Parkinsonian 
features. Parkinsonism was present in the cases 


reported by Illing (1932), Lhermitte and others 
(1938), Milhorat (1946), and Roger and Cain (1947), 
and oculogyric crises in those of the two former 


authors. 

Pathological examinations have been infrequent. 
Wimmer and Neel (1928) reported the findings 
in two cases. In their Case 3 the original attack of 
encephalitis lethargica appears to have occurred in 
1925 when the patient, aged 47, came into hospital 
in a delirious, somnolent state with hyperthermia, 
associated with bilateral ptosis, inequality of the 
pupils, tremor of slow, coarse, irregular character 
in the right arm and myoclonic jerkings of the 
shoulders, arms, back, and legs. On recovery there 
was weakness of lateral movements of the eyes, 
and atrophy appeared in the masseters, temporals, 
and hand muscles and also, though to a slighter 
degree, in the muscles of the arms and shoulder 
girdle. An extensor plantar response was noted 
on the left side. Parkinsonism came on rather later 
but was evident in 1926, the year in which he died. 
On post-mortem examination there were gross 
changes in the neurons of the ventral horns of the 
cervical spinal cord, with considerable loss of these 
cells. Cuffing with lymphocytis and plasma cells 
was seen round many vessels. There was pallor of 
the pyramidal and antero-lateral tracts in the 
cervical cord, but the lumbar cord was almost 
normal. Their Case 16 was that of a man of 36 


who had an acute attack of encephalitis lethargica 
in 1919. By December of the same year there was 
increasing weakness of the left hand with muscular 
atrophy. Weakness of the left leg and increasing 
rigidity of all the limbs and of the body came on 
soon after, with dysphagia and spasmodic laughter 
and crying. In April, 1921, there was great rigidity 
of the whole body, increase of tendon reflexes 
and extensor type of plantar response, atrophy of the 
arms and myoclonus of the face and limbs. Post- 
mortem examination was limited to the brain, and 
here also perivascular infiltration was seen. 

Lhermitte and others (1938) published a case in 
which Parkinsonism followed five years, and amyo- 
trophy seven years, after a typical attack of encepha- 
litis lethargica. At this stage lateral oculogyric cases 
were observed, along with myoclonus and tonic 
spasms in the right hand. The amyotrophy spread to 
involve most of the muscles of the hands, arms, and 
shoulder girdles, with fibrillations and fasciculations 
and asynchronous myoclonus. There was increase in 
deep reflexes and positive Oppenheim reflexes. 
Later weakness of masseters, tongue, and soft 
palate caused severe dysphagia which led to death 
13 years after the onset of the disease. Post-mortem 
examination of the spinal cord showed the greatest 
change in the cervical and upper thoracic segments 
where there was pallor of all the marginal zone 
with incomplete degeneration of the spino-cerebellar 
tracts and slight degeneration of the pyramidal 
tracts and dorsal columns. The ventral horn cells 
were reduced in size and number, with some ghost 
cells. No inflammatory changes were noted. 

In our Case 2 the interval between the original 
attack of encephalitis, which is unlikely to have 
occurred after 1926, and the onset of amyotrophy 
was considerably greater, more than 20 years. There 
were no signs of pyramidal involvement and no 
degeneration was found in the long tracts of the 
spinal cord. The absence of perivascular infiltrations 
may be related to the long interval between the 
original attack and death, and agrees in this respect 
with the findings in the mid-brain and basal ganglia 
in post-encephalitic Parkinsonism. Otherwise 
our case conforms to the clinico-pathological 
picture presented by the other cases. It is note- 
worthy how frequently myoclonus has been observed 
in the limb muscles in cases going on later to 
amyotrophy, suggesting a direc: attack by the 
virus on the anterior horns of the spinal cord. 
The problem of the pathogenesis of post-encephalitic 
amyotrophy is the same as that of post-encephalitic 
Parkinsonism. It may be due to premature degenera- 
tion or abiotrophy affecting neurons which have 
been attacked by the virus in the acute phase of the 
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disease, or it may reflect the continued action of the 
virus in a modified form, as was held by von Economo 
(1931) and most French writers. The presence of 
inflammatory infiltrations in the earlier years after 
the original attack is in favour of the latter hypo- 
thesis. Von Braunmiihl (1949) considers neuro- 
fibrillary tangles, which are commonly found in the 
pigmented cells of the brain stem in post-encephalitic 
Parkinsonism (Greenfield and Bosanquet, 1953) 
as evidence of a prolonged toxic action, presumably 
by the virus of the disease. The finding of similar 
changes in the cortical neurons in cases of subacute 
inclusion or sclerosing encephalitis, which have 
survived for several years (Malamud, Haymaker, 
and Pinkerton, 1950 ; Corsellis, 1951), supports this 
view. 

Just as Parkinsonism may appear immediately 
after an attack of encephalitis lethargica, or after 
an interval of a few or many years, so also with 
amyotrophy. In Milhorat’s Case 1 the first symp- 
toms both of Parkinsonism and amyotrophy 
appeared after the unusually long interval of 18 
years. In our cases the interval was shorter for 
Parkinsonism but probably longer for amyotrophy 
(more than 20 years in both cases). 

In our Case 2 a close correlation could be seen 
between the clinical picture and the post-mortem 
findings. The Parkinsonism could be related to 


severe loss of cells in the substantia nigra and locus 


coeruleus, and degenerative changes in the globus 
pallidus. The oculogyric crises may possibly be 
related to changes in the oculomotor nuclei, where 
not only neurofibrillary degeneration, but also 
Lewy inclusions and a senile plaque were found. 
Lewy inclusions were seen by Lafora (1913) in the 
oculomotor nucleus in cases of Parkinsonism ; no 
clinical details were given of these cases, but the 
date indicates that they were probably not post- 
encephalitic. Changes in the oculomotor nucleus 
were also seen by Hallervorden (1933) in post- 
encephalitic cases; but most workers on the 
sequelae of encephalitis lethargica have paid little 
attention to this nucleus in spite of its clinical 
involvement in the original disease. Some tend to 
relate oculogyric crises rather to disturbances in the 


vestibular nuclei, although changes in them have 
rarely been described. 

The relation of amyotrophy to loss of anterior 
horn cells was evident in our case, as in the other 
post-mortem cases. No changes characteristic of 
post-encephalitis, such as neuro-fibrillary changes, 
were seen in the spinal cord, but the presence of 
numerous large axonal swellings in the bases of the 
ventral and dorsal horns was an unusual finding. 


Summary 


A description is given of two cases of post- 
encephalitic Parkinsonism with oculogyric crises, 
both of which developed progressive spinal amyo- 
trophy many years after the onset of Parkinsonism. 
One patient died from dysphagia and respiratory 
embarrassment. A full examination of the brain and 
spinal cord showed degeneration in the globus 
pallidus, the pigmented cells of the mid-brain and 
pons, oculomotor nuclei, and anterior horns of the 
cervical and dorsal enlargements of the spinal cord. 
There were no tract degenerations. 

The pathogenesis of post-encephalitic amyotrophy 
is discussed. 


We are grateful to Drs. Macdonald Critchley and S. 
Nevin for permission to use the clinical notes of these 
cases. 
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A STUDY OF EIGHT SURGICALLY TREATED CASES OF 
SPONTANEOUS SUB-CORTICAL HAEMATOMA* 


BY 


ALOYS WERNER 


From the Neurosurgical University Clinic, Ziirich 


It is almost half a century since Cushing (1903) 
reported the first surgical removal of an intracerebral 
blood clot. His report was followed six years later 
by a similar account by Russell and Sargent (1909). 
And yet, apart from sporadic but valuable reports 
(Penfield, 1933), the neurosurgical era of the 
treatment of intracerebral haemorrhages may be 
said only to begin with Craig and Adson’s paper 
(1936) on nine cases. Since then there has been an 
increasing number of publications about the 
surgical possibilities in such cases and about the 
puzzling problems of aetiology and pathogenesis. 
Jewesbury (1947) reviewed the English literature 
and added one case of spontaneous intracerebral 
bleeding cured by operation. From the non- 
English-speaking countries we should like to mention 
the efforts made by French neurosurgeons to isolate 
the spontaneous intracerebral haemorrhage as a 
clinical entity (David and Hécaen, 1945 ; Guillaume 
and Joinville, 1945) suitable for neurosurgical 
treatment, also the studies by Italian neurologists to 
forward operative treatment of intracerebral haemor- 
thagic lesions (Fazio, 1950). In reporting these 
eight cases we wish to contribute to the clinical 
knowledge, recognition, and timely treatment of the 
non-traumatic, spontaneous sub-cortical haematoma 
which, we feel, exists as a clinical entity, while 
proofs of a uniform aetiology and pathogenesis are 
still wanted. 


Report of Cases 


Case 1.t—Charles F., aged 33, a musician, began to 
complain of severe headache in the middle of June, 
1945, maximal behind the right eye; he noticed also 
some awkwardness of the fingers of the left hand. On 
June 30, 1945, there was a sudden onset of paralysis of the 
fingers on the left hand ; next day the headache increased 
suddenly and violently and was located mostly in the 
right temporo-parietal region. On July 2 the patient 


* Read in part at a meeting of the Society of British Neurological 
Surgeons, Ziirich, on June 6, 1952, and before the Société Médicale de 
Gené.e on October 7, 1952. 


t This case has been cited by Krayenbiihl (1950). 


vomited and fell unconscious. He was admitted to the 
medical University Clinic in Ziirich, and a lumbar 
puncture revealed bloodstained cerebrospinal fluid under 
a pressure of 150 mm. of water. The patient was trans- 
ferred to the Neurosurgical Department the same day. 

His personal and family history contributed nothing. 

Examination on July 2, 1945, gave a blood pressure 
reading of 130/70mm. Hg. The patient was very drowsy, 
and there was marked stiffness of the neck: Fundi were 
normal and there was complete left homonymous 
hemianopia, left lower facial palsy, and left-sided 
spastic hemiplegia, with hyperactive tendon jerks and 
extensor plantar responses. Sensibility could not be 
accurately tested. 


Arteriogram.—An arteriogram on July 2 showed good 
filling of the anterior and posterior cerebral arteries on 
the right ; the middle cerebral artery was filled only for 
a short distance, where some opaque substance seemed 
to have escaped from the vessel (Fig. 1). 


Fic. 1.—Case 1: Right cerebral angiogram 
showing partial occlusion of the branches of 
the middle cerebral artery. The anterior and 
posterior cerebral arteries are weil filled ; 
slight stretching of the pericallosal artery. 


Pneumoencephalogram.—A first investigation on July 
25 disclosed a marked shift to the left of the third and 
lateral ventricles, which were dilated (Fig. 2a). A repeat 
air study on August 17 still showed a dilatation of the 
lateral ventricles ; the third ventricle was less shifted. 
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Fic. 2a.—Case 1: Air study three weeks after the illness began, showing 
marked shift of the ventricular system to the left, especially of the 


third ventricle. 


Fic. 2b.—Case 1: Air study three weeks later. A huge paraventricular 
air-filled intracerebral cavity can be seen communicating with the 


right lateral ventricle. 


The whole frontal horn on the right was compressed from 
the lateral aspect. There was an intracerebral air collec- 
tion communicating with portion 3 of the right lateral 
ventricle (Fig. 2b). 


Pre-operative Course.—Within the first week the patient 
regained full consciousness, the hemiplegia regressed, 
more in the leg than in the arm, but the homonymous 
hemianopia did not improve. At the end of six weeks he 
was able to walk alone. 


Operation.—Professor H. Krayenbihl performed a 
right osteoplastic fronto-temporal craniotomy. The dura 
was under tension which was released by tapping the cyst 
and aspirating about 20 ml. of clear yellow fluid. After 
opening of the dura the frontal and temporal gyri were 
not seen to be particularly flat or wide. After excision of a 
small circular zone of cortex and white matter in the 
postero-lateral frontal region at a depth of about 3 cm. a 
cavity was entered measuring 9 x 5 x 4 cm. ; its walls 
were about 2 mm. thick and shiny. The cyst contained 
greyish-red fibrincoagula and about 50 ml. of fluid. In the 
bottom of the cavity there was a spherical mass covered 
with fibrin and containing numerous fine arterial vessels. 
This mass was excised. The dura was completely 
closed. 


fibroblastic tissue containing much haemosiderin and 


haematoidin, small and large vessels, but no neoplastic 


tissue. 


an immediate post-operative increase of the hemiplegia. 


At the time of discharge on September 17 the patient 


could walk with a stick, with a spastic-ataxic gait, but 
he could not use the left arm or hand. 


The clinical picture on admission was that of a 
subarachnoid haemorrhage. As the likeliest 
diagnosis was a ruptured aneurysm, it was thought, 
as pointed out elsewhere by Krayenbiih! (1950), 
that the aneurysm had probably thrombosed. 
However, the course in hospital during the first 
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Histological Examination.—The excised mass comprised 


Post-operative Course.—This was uneventful except for 


weeks corrected this impression, signs of a space- 
occupying lesion showing up more clearly after the 
spontaneous recovery from the initial stroke. It is 
interesting to note that the first pneumoencephalo- 
gram three weeks after admission showed only a 
shift of the ventricular system while the second air 
study three weeks later disclosed the intracerebral 
cavity. The extensive nature of the neurological 
disorders (homonymous hemianopia, sensori-motor 
hemiparesis) can be accounted for only by the fact 
that the huge cavity in the posterior frontal region 
was exerting considerable pressure on neighbouring 
structures such as the internal capsule. 





Case 2.—During the night of October 2, 1945, Josef 
G., aged 48, a shoemaker, suddenly vomited, and 
developed a headache and drowsiness. The next day he 
went to work as usual, but did not know how to use his 
tools. On October 4 he became subcomatose and was 
sent to the Psychiatric University Clinic, Ziirich, where 
on admission he gave the impression of being completely 
drunk. The next two days he was deeply comatose, and 
the cerebrospinal fluid taken on October 5 was blood- 
stained. The patient regained consciousness spontane- 
ously on October 7 and felt well after another 24 hours. 
He was sent for further investigations to the Neuro- 
surgical Clinic on October 18. 

His personal and family history contributed nothing. 

On examination (October 18, 1945) there were no 
subjective complaints, and the patient said he did not 
understand the reason for his transfer to the Neuro- 
surgical Department. The blood pressure was 130,90 


mm. Hg. There was slight confusion and some difficulty 
in finding the right word, slight apraxia, and anosmia on 
the left. There was no stiffness of the neck, and the fundi, 
vision, and visual fields were normal. The pupils were 
equal and reacting normally, eye movements full, and 
the corneal reflexes brisk. There was slight paresis of 
There were no 


the lower facial muscles on the right. 



















Fic. 3.—Case 2: 
Backward displacement of the proximal 
course of the Sylvian vessels. 


Left cerebral angiogram. 
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abnormal findings in the extremities and no impairment 
of gait. The C.S.F. was under pressure of 305 mm. of 
water, containing 22 mg. of protein per 100 ml. ; Pandy 
- 2 cells per c.mm. 

A pneumoencephalogram on October 19 demonstrated 
a shift of the ventricles to the right, with amputation of 
the frontal horn on the left. 

An arteriogram on October 26 showed that the left 
middle cerebral artery was displaced backwards and 
downwards (Fig. 3). 


Operation.—On October 31, 1945, Professor H. 
Krayenbiihl performed a left transfrontal osteoplastic 
craniotomy, and reported that the dura was not partic- 
ularly tense but was bluish over the frontal poie. On 
opening the dura a dark yellow membrane 3-4 mm. 
thick around the frontal pole was seen; it could be 
peeled off easily except at the tip of the frontal pole, 
where it was adherent to the very soft and yellow dis- 
coloured cortex. A brain needle was passed through the 
cortex and entered a cavity at a depth of about | cm., 
from which a few millilitres of dark brown fluid were 
aspirated. The frontal pole was excised totally after 
opening a sub-cortical cavity the size of a small orange 
filled with organized blood clots. The source of the 
haemorrhage could not be found. The cavity was 
completely closed. 

Histological examination disclosed red softening of the 
cortex and non-specific thrombosis of the pial arteries. 

The post-operative course was uneventful, and the 
patient left the hospital on November 11, 1945, with 
neither neurological nor psychiatric disability. 


The sudden onset of headache, vomiting, and 
apraxia, leading to coma after 36 hours, followed by 
spontaneous recovery, is the leading feature of this 


case. A pre-operative diagnosis of bleeding into a 
left frontal tumour had been made. The operative 
findings seem to indicate that the intracerebral 
haemorrhage leaked through the tip of the frontal 
pole into the subdural space. It is of interest that 
four weeks after the bleeding there were still 
partially organized blood clots in the cavity. 


Case 3.—Robert St.-, aged 26, a farmer, was working in 
the fields on October 11, 1948, when he suddenly felt a 
weakness of the left leg, then of the left arm, which 
became flaccid ; there was no loss of sensibility, no 
impairment of consciousness, and no pain. He was 
admitted the following day to a local hospital ; from the 
fifth day the hemiparesis recovered in the opposite way 
from which it had developed, but the foot remained 
paralysed. The patient was then sent for further investiga- 
tion to the Neurosurgical University Clinic, Ziirich, on 
November 9, 1948. 

His personal and family history contributed nothing. 

On examination on November 9 the blood pressure 
was 130/90 mm. Hg. There was no psychical disorder. 
There was slight weakness of the lower face, the arm and 
the leg on the left, and the foot was still paralysed ; 
there was no impairment of sensation. The cerebrospinal 


Fic. 4.—Case 3: Air study (A.P. view). There is 
a large intracerebral air collection commu- 
nicating with portion 3 of the right lateral 
ventricle. It is noteworthy that such a huge 
space-occupying lesion causes no displace- 
ment of the ventricular system. 


fluid was yellowish but the pressure was not raised. 

A pneumoencephalogram on November 10 showed 
that the left lateral ventricle was slightly dilated ; there 
was no shift of the ventricular system. There was an 
air-filled intracerebral cavity in the right precentral 
region (Fig. 4). 

An electroencephalogram on November 10 showed 
some slow waves in the right post-central region (Fig. 5). 


Operation.—Professor H. Krayenbiihl performed a 
right fronto-parietal osteoplastic craniotomy on Novem- 
ber 19. He reported that the gyri were flattened and soft 
in the upper part of the precentral region near the midline. 
A huge, conical cavity was entered one centimetre below 
the surface, the apex of which opened through a small 
hole into the lateral ventricle. The walls consisted of a 
shiny, brownish membrane ; neither abnormal vessels 
nor tumour tissue could be seen. The cyst contained 
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Fic. 5.—Case 3: E.E.G. tracing taken a month after the onset of the 
illness. There are some slow waves in the right post-central 
region. 
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about 40 ml. of yellow fiuid. The membrane was 
partially removed and the dura closed incompletely. 
The post-operative course was uneventful, and the 
patient was discharged on November 25, 1948, with a 
partial recovery of the left foot. He was seen again in 
March, 1952, when he had just had a generalized seizure 
beginning with head turning to the left but with extension- 
spasm of the right leg and no loss of consciousness. On 
examination he showed no neurological disability. His 
blood pressure was 150/100 mm. of water. The E.E.G. 
showed slow waves in the right central region which 
were partly due to the bone flap. ; 


The onset of a rapidly increasing hemiplegia 
without headache, impairment of consciousness, or 
vomiting, regressing after a few days, could easily 
have been mistaken for a cerebral thrombosis. 
The diagnosis was established only by pneumo- 
encephalography. The E.E.G. localized the lesion 
too far posteriorly. 


Case 4.—August P., aged 41, an orderly, had been 
complaining of slight but constant headache for the past 
two weeks. On February 7, 1950, he began working as 
usual at 5.30 a.m., complaining of very violent, right- 
sided headache. At 8 a.m. he gave up his work because 
he was letting everything fall ; soon afterwards he became 
drowsy, developed left-sided hemiplegia, and was 
brought to the medical wards. Two lumbar punctures on 
February 8 showed bloodstained C.S.F. The patient 
was then transferred to the Neurosurgical Clinic as an 
emergency case. 


Personal and Family History.—His father died at 74 of 
apoplexy, and his mother at 50 of kidney disease. Two 
brothers complain of headache. The patient himself had 
suffered from headaches since childhood. He had gastro- 
enteritis in 1942, and eosinophilic pleurisy in 1946 since 
when he had had rheumatic pain in the fingers. He had 
left trigeminal neuralgia in 1948. 


Examination.—On February 8 his blood pressure was 
80/45 mm. Hg. He was drowsy. There was no stiffness 
of the neck, and the fundi were normal. There was no 
impairment of visual fields, the pupils reacted and were 
equal. There was left hemiparesis, more marked in the 
upper limb. The drowsiness deepened on February 9 
and 10. 

An electroencephalogram on February 9 revealed 
severe bilateral abnormality, specially marked in the right 
anterior temporal region. 

An arteriogram on February 9 showed the anterior 
cerebral artery to be stretched and shifted to the left 
(Fig. 6). 


Operation.—Dr. G. Weber performed a right fronto- 
temporal osteoplastic craniotomy on February 11. He 
reported that the dura was under tension which was 
released by tapping the right lateral ventricle. The gyri 
were widened and there was a sub-cortical cavity contain- 
ing blood coagula and measuring 7 x 65 xX 3 cm. 
occupying the whole frontal lobe. No connexions 
between cavity and surface or cavity and ventricle could 
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Fic. 6.—Case 4: Right-sided cerebral arterio- 


gram. Stretching of the anterior cerebral 
artery ; moderate backward shift of 
proximal portions of the Sylvian vessels. 


be found. The walls were made of white matter and no 
abnormal vessels or tumour tissue were seen. The dura 
was completely closed. 


Post-operative Course.—The patient recovered from his 
comatose state while still on the operating table. On the 
following day he was still confused but responded well. 
On February 14 he had an epileptic fit beginning in the 
left corner of the mouth. On the following day his 
temperature rose and he became comatose and died the 
next day with signs of cardiovascular and respiratory 
failure and with high fever. 


Necropsy.—There was a pressure cone into the foramen 
magnum. There was no haemorrhage or vascular 
abnormality. The cause of the right frontal sub-cortical 
bleeding could not be ascertained. 


This patient had had constant slight headache for 
two weeks which quite suddenly became excruciating 
and unilateral, leading to drowsiness and coma, 


with hemiplegia within three hours. Bloodstained 
C.S.F. proved the subarachnoid haemorrhage. A 
ruptured aneurysm was thus the probable cause, and 
an arteriogram was done which disclosed the right 
frontal expanding lesion. The necropsy did not 
explain why the patient, having recovered from the 
comatose state (for the second time) after the 
operation, developed a pressure cone into the 
foramen magnum three days later and died. Nor 
could the pathologist find the reason for the sudden 
intracerebral bleeding. 


Case 5.—Erika K., aged 43, a housewife, was normally 
delivered of a second child after a pregnancy during 
which she suffered much from headache and vomiting. 
On the sixth day there was a sudden onset of very severe 
right-sided headache and vomiting and, a few hours 
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later, of a left-sided complete hemiplegia, without loss 
of consciousness. There was bloodstained cerebrospinal 
fluid, and with the diagnosis of a ruptured aneurysm the 
patient was sent to the University Clinic at Ziirich on 
February 27, 1951. 


Personal and Family History.—The father died aged 
55 from apoplexy, and the mother has high blood 
pressure. The patient had articular rheumatism in 1919, 
but had remained well since then, but for occasional 
headaches. Her first pregnancy was in 1948. 


Examination.—On February 27 the blood pressure was 
135,80 mm. Hg. She was drowsy, with ‘‘déviation 
conjugée ” of the eyes and head to the right, a left- 
sided homonymous hemianopia, left lower facial palsy, 
and flaccid paralysis of the left arm and leg, with abolition 
of all kinds of sensation. 


Arteriogram.—An arteriogram on February 28 showed 
stretching of the arteries around the Island of Reil, and 
local narrowing of the anterior cerebral artery just distal 
to its bifurcation from the carotid artery (Fig. 7). 


Pneumoencephalogram.—A pneumoencephalogram on 
March | showed a sub-cortical multilocular cavity in the 
right central region, and a shift of the ventricular system 
to the left (Fig. 8). 


Operation.—On March 5 Professor H. Krayenbihl 
performed a right fronto-parietal osteoplastic craniotomy. 
He reported that the dura was tense. The cortex showed 
a localized yellowish discoloration in the lateral pre- 
central region. At a depth of less than one centimetre the 
brain needle entered a huge cavity from which 20 ml. 
of a brownish fluid was withdrawn. This relieved the 
intracerebral pressure. An incision 2 cm. long was made 
in the foot of F;, coagulated blood being evacuated. 
The cavity extended down to the ventricle wall. Gelfoam 
was used for haemostasis of small bleeding points along 
the cavity wall. The dura was completely closed. 


Fic. 7.—Case 5: 


Right-sided cerebral arterio- 
gram. Separation of the fronto-parietal 
ascending branches of the middle cerebral 
artery. 


8a 8b 


Fic. 8a.—Case 5: A.P. view of air study. 


Fic. 8b.—Case 5: A.P. lateral view of air study. Slight shift to the left of 


the ventricular system. Two intracerebral air-filled cavities are seen in 
the lower part of the right precentral region. 


Post-operative Course.—The hemiplegia slowly re- 
covered. After one year the patient is able to walk with 
a stick for a mile or so. She still complains of headache. 
Her blood pressure remains normal. 


Occurring six days after childbirth, this sudden 
hemiplegia might have been considered due to a 
venous thrombosis but for the findings of a 
subarachnoid haemorrhage. On the other hand, 
the clinical picture with “ déviation conjugée ”’, 
complete hemiplegia, and homonymous hemianopia, 
looked very like a capsular hemiplegia. As the 
patient was still relatively young, a diagnosis was 
made of a ruptured aneurysm. As in Case 1, the 
extent of the neurological disorders is here clearly 
explained by the localization of the intracerebral 
haematoma within the central region reaching 
down to the lateral ventricle. This case provides 
good reason to think that capsular haemorrhages too 
may be treated surgically with success, as reported by 
Guillaume and others, and advocated by Fazio. 


Case 6.—Héléne S., aged 52, a secretary, had her first 
epileptic fit while at work on December 3, 1949: she 
became stiff, the right arm was shaky, the head extended 
backwards, the face became cyanotic, and the respira- 
tions stertorous. The patient was sent to a psychiatric 
clinic where a diagnosis of a neurotic fit was made, the 
neurological examination being normal. The blood 
pressure then was 200/100mm. Hg. From then on the 
patient complained at times of aitacks of headache with 
dizziness. She went on working without interruption 
until she had a second generalized seizure on April 25, 
1951, while having lunch in a restaurant; this was 
accompanied by loss of consciousness, biting of the 
tongue, and incontinence. She was sent to the Medical 
Clinic in Ziirich on the same day and transferred to the 
Neurosurgical Clinic five days later. 


Personal and Family History.—Her mother died aged 
32 from heart disease. The patient had already suffered 
from headache for some years previously. 


Examination.—On April 30 her blood pressure was 
135/90 mm. Hg. Consciousness was slightly impaired, 





ALOYS WERNER 


Fic. 9.—Case 6: 1. Pre-operative E.E.G. shows a severe abnormality on the left side, specially marked in the lower part of the left precentral 


region. 


with disorientation in time, difficulty in reading, writing, 
and calculating. The neck was slightly stiff but Laségue 
and Kernig’s sign was negative. There was no anosmia, 
the fundi were normal. There was a right homonymous 
hemianopia, but pupils and eye movements were normal. 
She had slight facial weakness on the right of a central 
type but no other abnormal neurological signs. 


Electroencephalogram.—Electroencephalograms on 
April 30 and May 5 showed severe abnormality on the 
left with a maximum in the anterior temporal region 
(Fig. 9, 1). 


Arteriogram.—An arteriogram on May 1 showed 
stretching of the left anterior cerebral artery, and 
forward displacement of the Sylvian group and terminal 
branches of the posterior cerebral artery (Fig. 10a). 


10a 


2. Post-operative E.E.G. shows pronounced improvement of the electrical activity on the affected side. 


Pneumoencephalogram.—A pneumoencephalogram on 
May 2 showed a shift of the left occipital horn down- 
wards and to the right (Fig. 10b). 


Operation—On May 9 Professor H. Kravenbiihl 
performed a left parieto-occipital osteoplastic craniotomy. 
He reported that the dura was moderately tense. The 
posterior parietal gyri showed a brownish discoloration, 
and the cortex there was extremely thin. More laterally 
the gyri were widened and flattened, partly greyish-red. 
Towards the occipital lobe there was a vascular mass the 
size of a cherry draining into dilated veins. Sub-corti- 
cally the mass communicated with a huge cavity, 5 
6 x 6 cm., filled with clotted blood, separated from 
portion 4 of the lateral ventricles only by a thin membrane. 
The dura was completely closed. 


Histological Report.—There was sub-cortical bleeding 
by markedly arteriosclerotic cerebral and meningeal 
vessels, but no neoplastic growth. 


Post-operative Course.—The patient made an unevent- 
ful recovery, and left the hospital on May 25 still showing 
a complete right-sided homonymous hemianopia and 
difficulty in calculating and writing. A control E.E.G. 
on August 28 showed a marked improvement (Fig. 9). 
On February 25, 1952, the patient was seen again. She 
had been unable to resume her work as a secretary 
because she still showed mental deterioration : reading, 
writing, calculating were greatly impaired. Apart from 
the right homonymous hemianopia, no abnormal 


neurological signs were found. 


This case shows that arteriosclerotic patients 
may have other than capsular haemorrhages. The 
cerebral arteriosclerosis may account for the 
peculiar onset with a generalized seizure, the 


Fic. 10a.—Case 6: Left cerebral angiogram showing a stretching 
of the anterior cerebral artery, a shift forward of the Sylvian group 
which has the “‘ spring” appearance commonly seen in occipital 
Space-occupying lesions. 


Fic. 10b.—Case 6: Air study, P.A. lateral view. Portion 4 and occipital 
horn of the left lateral ventricle are pushed downward. 
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diseased brain reacting to a sudden change in 
intracranial pressure with an epileptic discharge, 
as it had already done one year previously. 


Case 7.—Max H., aged 36, a workman, suddenly 
yomited and fell unconscious on October 2, 1951, then 
showed spasms of the extremities. In the evening he 
responded again. He was sent to a local hospital on 
October 4. On admission there he showed a complete 
disorientation, stiffness of the neck, hyperactive tendon 
jerks, and bilateral extension of the big toes. His blood 
pressure was 105/60 mm. Hg. A lumbar puncture 
disclosed bloodstained C.S.F. under a pressure of 230 
mm. of water. On the following day the patient was 
transferred to the Neurosurgical Clinic at Ziirich. 
During the previous weeks he had been complaining of 
some headache and dizziness. 

At the age of 11 he had had an accident to his leg, and 
hepatitis at an unknown age. 

On examination on October 5 he was markedly 
disorientated in space and time, and about himself. The 
neck was stiff and he had a homonymous hemianopia 
on the right ; the left pupil showed no reaction to light 
and the right was very sluggish. He had slight spastic 
paresis of the right leg. 


Arteriogram.—An arteriogram on October 5 showed 
that the left middle cerebral artery was shifted upwards 
and forwards (Fig. 11a). 


Electroencephalogram.—A first record showed a 
marked asymmetry between both hemispheres, the left 
side being abnormal with a maximum in the frontal 
region. A week later the whole record showed an 
increased bilateral abnormality, now more pronounced 
on the left side, from the frontal to the temporal region. 
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Fic. 1la.—Case 7: 


Fic. 11b.—Case 7: 


Ila IIb 
Left cerebral angiogram. Upward displacement of 
temporal branches of the Sylvian vessels. 


Air study, lateral view. Trigone and posterior 
portion ‘of temporal horn are curved upwards, being displaced from 
below. 


A third recording another week later showed a practically 
normal activity on the right hemisphere; on the left, 
especially in the temporal region, there was still a 
marked abnormality, that is, a pronounced depression 
of the electrical activity (Fig. 12). 


Pneumoencephalogram.—A pneumoencephalogram on 
October 16 showed a shift of the entire ventricular 
system to the right, with marked elevation of the left 
temporal horn. There was a suspicion of a mid-line 
space-occupying lesion (Figs. 11b and 13a). The C.S.F., 
taken on this occasion by cisternal puncture, was under 
normal pressure, showed 149-5 mg. of protein per 100 
ml., and contained about 100 white cells per c.mm. 


Operation.—On October 29 Professor H. Krayenbiihl 
performed a left temporo-occipital osteoplastic cranio- 
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. 12.—Case 7: 
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1, 2, and 3 are pre-operative E.E.G. tracings. In 1, marked asymmetry between both hemispheres; in 2, a week later, 


the abnormality has spread to both hemispheres ; in 3, another week later, the right hemisphere now again shows a practically normal 
activity ; in 4, a post-operative tracing still shows slow waves on the affected side. 





Fic. 13a.—Case 7: 
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’ 1951; he had had to pull very hard on a rope which he 


13a 13b 


Pre-operative A.P. encephalogram, showing shift 
to the right of the right lateral ventricle. The air shadow on the left 
was thought to be the left lateral ventricle displaced by a medial 


space-occupying lesion. 


. 13b.—Case 7: Post-operative A.P. encephalogram showing normal 
situation of right lateral and third ventricles ; the left lateral ventricle 


is slightly dilated but normally located. 


tomy. He reported that the dura was not very tense. 
The first and second temporal gyri were flattened and 
abnormally wide, and showed a_ brownish-yellow 
discoloration. There was a sub-cortical cavity the size of 
an orange containing coagulated blood. The cavity 
reached the ventricular wall, which was not ruptured, and 
extended into the occipital lobe. After the haematoma 
had been taken out there remained, dorsal to the temporal 
horn, a greyish-red mass which was partially excised for 
microscopic examination. The dura was completely closed. 


Histological Report.—The exised discoloured tissue 
proved to be granulation tissue with organized haemor- 
rhage. 


Post-operative Course.—This was uneventful. The 
patient was discharged on the sixteenth post-operative 
day, still showing a marked psycho-organic syndrome, 
an impairment of the right visual field, and a slight hemi- 
paresis on the right side. A pneumoencephalogram 
performed on the fourteenth post-operative day showed 
no shift of the ventricular system, but the left lateral 
ventricle was wider than the right (Fig. 13b). Four 
months later the patient still complained of impairment of 
memory. On examination the right visual field was not 
yet complete, but the right-sided hemiparesis had 
completely recovered. 


This patient, admitted with the presumptive 
diagnosis of a ruptured aneurysm, showed signs of a 
left temporo-occipital lesion. However, the A.P. view 
in the air study was very confusing, leading one to 
suspect also some pathological process in the 
septum pellucidum. The persistence of a marked 
psycho-organic syndrome after the emptying of 
the intracerebral haematoma in the temporo- 
occipital region reinforced the possibility of such a 
second lesion, which was, however, excluded by 
repeat air study two weeks after the craniotomy. 


Case 8.*—Georges B., aged 50, a pharmacist, had been 
helping his gardener to cut down trees on November 9 


* This case has been cited by Werner, Babel, and Richard (1952). 





held on his shoulder, and felt very tired from the physica! 
strain. Three hours later while the patient was in his 
pharmacy, there was a sudden onset of violent headache 
in the right parieto-occipital region without nausea or: 
impairment of consciousness. He noticed at once that 
he could not find his way to the left. Shortly afterwards 
a physician noted stiffness of the neck and a blood 
pressure of 220 mm. Hg systolic. The headache and 
homonymous hemianopia persisted. A_ neurologist 
was called who sent the patient to the Clinique Beaulieu, 
Geneva, on November 14. 


Personal and Family History : Three years previously 
the patient had fallen on the back of his head, but had 
not hurt himself. For years he had noticed a pulsating 
vessel in the occipital region, at times slightly painful 
on pressure. During the last six months he had com- 
plained of occasional right-sided headache. 


Examination.—Examination on November 14 gave a 
blood pressure reading of 145/90 mm. Hg. There was 
definite stiffness of the neck, very slight blurring of 
the optic discs, complete homonymous hemianopia to the 
left (Fig. 15), and slight left hemiparesis. A lumbar 
puncture showed a dark yellow fluid under a pressure of 
360 mm. of water. 


Arteriogram—An_ arteriogram on November 15 
showed that the middle and posterior cerebral arteries 
were pushed forwards. There was no visible aneurysm, 
but an extremely large occipital artery (Fig. 14a). 


Pneumoencephalogram.—On November 15 sub-oc- 
cipital puncture in the sitting position was made: the 
A.P. view showed a dilatation of the left ventricle and a 
slight shift to the left of the third and lateral ventricles. 
In the P.A. view there was a marked shift forward of the 
right occipital horn, which seemed to communicate with 
a multilocular sub-cortical collection of air (Fig. 14b). 


Operation On’ November 22 I performed a right 
parieto-occipital osteoplastic craniotomy after partial 


r 
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the Fic. 14a.—Case 8: Right-sided cerebral angiogram. Both intra- and 
extra-cranial vessels have filled. There is a forward displacement of 
the cerebral vessels, most marked of the Sylvian group, with “‘ spring ” 
appearance. Abnormally wide occipital artery. 


? Fic. 14b.—Case 8: Air study, A.P. lateral view. Large subcortical «ir 


collection pushing forward the right lateral ventricle. 
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excision of a greatly dilated occipital artery. Tapping 
of the left ventricle through a separate burr-hole 
relieved the intracerebral pressure. The dura appeared 
normal ; the exposed gyri were flattened and widened and 
showed a yellowish-red discoloration. The brain had a 
normal consistency towards the central region, but it was 
markedly softened near the occipital lobe and the mid- 
line. A brain needle was passed towards the ventricle 
and at one centimetre below the surface entered a cavity 
from which chocolate-like fluid was easily aspirated. A 
conical excision of cortex and white matter was then 


non-neoplastic proliferation of cortical astrocytes and 
hyalinosis of meningeal arteries. The occipital artery 
showed a marked fibrous proliferation of the intima, 
the lumen being very irregular. The elastica was ruptured 
in many places. There was no inflammatory reaction. 


Post-operative Course.—This was uneventful. There 


was slight aggravation of the left-sided hemiparesis 
for four days, then a steady improvement. The patient 
was discharged on December 12 able to walk normally. 
The hemianopia had already improved in the upper 


Fic. 15.—Case 8: Pre- and post-operative visual fields. (The post-operative fields were tested by Dr. Babel 
on the Maggiore perimeter.) The pre-operative fields were tested as accurately as possible by the author 


by the confrontation method. 


Date 14-11-1951 
Nom R.G. 


Cote malode | 











made and the cavity emptied of numerous blood clots. 
The cavity extended into the occipital lobe for a distance 
of 6 cm., was about 4:5 cm. wide and 3 cm. high, and 
reached forward to the ventricular wall. There was no 
membrane, and the walls were made of yellow, dis- 
coloured white matter. Neither neoplastic tissue nor 
vascular anomaly were to be seen. The dura was 
completely closed. 


Histological Report.—The excised piece of brain 
Showed many perivascular haemorrhages ; there was a 


Date 14-11-1951 
Nom RG. 
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Date 9-1-1952 
Nom R.G. 





quadrant, and by February, 1952, the visual fields were 
normal (Fig. 15). By the beginning of March the patient 
had resumed his professional duties, 

Various blood analyses were made in order to ascertain 
whether a blood disease could be incriminated. Blood 
pressure remained normal throughout. Blood counts 
were normal, as were tests of coagulability. Thus there 
were no signs of a haemorrhagic diathesis. 


The complete recovery of the hemianopia shows 
that an intracerebral bleeding, even if very large, 
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does not necessarily destroy all the white matter but 
separates the nerve fibres.* 


Clinical Analysis 


Incidence.—We are unable to estimate the 
incidence of spontaneous sub-cortical haematoma 
mainly because the selected patients seen by the 
neurosurgeon give no idea of their real frequency. 


Age and Sex.—This small group is made up of six 
men and two women. The youngest patient was a 
man of 26 ; the oldest a woman of 52. The average 
age for men is 39, for women 47. Thus it seems 
that spontaneous sub-cortical haematoma occurs in 
relatively young patients, as emphasized by Jewes- 
bury (1947), among others, and three times more 
frequently in men than in women. This agrees 
with reports by various authors: two-thirds of 
Craig and Adson’s (1936) nine patients were under 
40 ; the average age of Klemme’s (1941) six patients 
was 34. Six out of eight patients described by 
Pilcher (1941) were middle-aged, three being under 
20 (but four cases were post-traumatic). Also, 
Guillaume and Joinville’s (1945) patients were 
mainly between 40 and 45. But, as reported by 
Jewesbury (1947), David and Hécaen (1945), de 
Paula Nogeira (1949), and others, spontaneous 
intracerebrai bleeding can also occur in older 
people showing no signs of cardiovascular disease. 


Mode of Onset and Evolution.—In half our cases 
the onset of severe symptoms was preceded by a 
prodromal period varying in length from two weeks 
to a few months, during which the patients 
complained of some headache, generally unilateral. 
The occurrence of a generalized seizure in Case 6 
one year before the present illness cannot be taken 
as a prodromal sign of the present sub-cortical 
bleeding. In all the cases, as pointed out by Pilcher 
(1941), the actual onset of the illness was sudden : 
six times (75%) with violent headache, associated 
mostly with vomiting, and followed immediately in 
five patients by impairment of consciousness or 
coma ; in one case the sudden onset consisted in a 
left motor hemiplegia developing within a few hours 
(Case 3) ; in another case too the onset was sudden 
and consisted in a grand mal seizure (Case 6). 
In only two patients was no initial impairment of 
consciousness observed—Cases 3 and 8. David 
and Hécaen (1945) emphasize also the suddenness 
of onset and note as prominent features unilateral 
headache, vomiting, drowsiness, and at times 
epileptic discharges. Seizures were noted in the 
first phase only in two of our patients (Case 6 and 


* The patient died suddenly 16 months after the operation. No 
necropsy could be obtained. 


possibly Case 7). For Guillaume and Joinville 
(1945) the onset is not always so sudden; the 
intracerebral haematoma is said by these authors io 
develop in some cases slowly and to manifest itself 
by signs of intracranial hypertension with or without 
neurological disability. 

To judge the evolution of the sub-cortical 
haematoma from surgically treated patients is 
hardly reliable. All we are able to say is that the very 
grave-looking onset with coma does not always 
lead to death ; this fact was pointed out many years 
ago by Penfield (1933). All our patients survived the 
onset of their illness, showing in the ** second phase”, 
as David and Hécaen (1945) put it, a great variety of 
neurological pictures. As far as we can tell from 
their pre-operative course, ranging in four cases from 
four to six weeks, the neurological disorders are 
apt to regress spontaneously to some extent during 
the first or second week, remaining stationary 
afterwards. One patient got worse after he had 
first regained consciousness and died in spite of the 
operation (Case 4). 


Symptoms and Signs.—The most prominent symp- 
tom in our experience is the unilateral headache, 
which is excruciating at the onset ; it corresponds to 
the side of the lesion and is probably due to acute 
distension of the dura by the expanding bleeding 
within the brain. The neurological signs are 
unilateral and generally localized to the side opposite 
to the headache. The focal signs depend on the 
site and size of the haemorrhage. Eye grounds 
were normal, except in Case 8, in which blurring 
of the optic discs developed in the second week. 
** Déviation conjugée ” was observed in one patient 
(Case 5). Another important sign present in most 
cases is a stiffness of the neck. The C.S.F. has been 
found to be bloodstained in all cases in which the 
lumbar puncture was performed soon after the 
onset, and xanthochromic in the remaining cases. 
Blood pressure may be elevated on the first day 
owing to the acute increase of intracranial pressure 
(Case 8), but returns to a normal level within a week. 

Diagnosis 

Clinical Diagnosis.—From the foregoing con- 
siderations it appears that the main features 
characterizing spontaneous sub-cortical haematoma 
are the following: apoplectic onset; one-sided 
excruciating headache ; contralateral neurological 
disability ; partial spontaneous recovery. That the 
unilateral headache (in our opinion a very important 
diagnostic feature) is not always present is shown in 
Case 3. In other words, we have first the picture of a 
sudden subarachnoid haemorrhage followed by the 
clinical signs of a unilateral expanding lesion. 
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Ancillary Diagnostic Procedures.—The following 
help to confirm the diagnosis. 


Lumbar puncture disclosed a subarachnoid haemor- 
rhage in all our cases. However, cases occur which 
do not have blood in the C.S.F. (Russell, 1953). 


Plain Radiographs of the Skull.—Signs of chronic 
intracranial hypertension are missing. Calcified 
lesions may occur (Jewesbury, 1947 ; Pilcher, 1941) 
or a shift of the pineal body (Pilcher, 1941). 


Cerebral angiography is generally the next step 
because a ruptured aneurysm is often suspected, 
and may be carried out by the percutaneous method 
(Werner and Richter, 1950). The angiographic 
finding of an avascular intracerebral space-occupying 
lesion while there is evidence (from the proved 
subarachnoid haemorrhage) of a vascular lesion 
should definitely orientate the diagnosis towards 
that of an intracerebral haemorrhage. The arterio- 
gram, as pointed out by Krayenbiihl (1950) in our 
Case 1, can sometimes be misleading if a main 
cerebral artery fails to fill and there is very little 
displacement of the other vessels, leading to the 
diagnosis of thrombosis. 


Pneumoencephalography may disclose a shift of the 
ventricular system with in some cases a well localized 
deformation of one lateral ventricle according to the 
location of the blood clot (Cases 7 and 8). But, of 
greater significance, the air study revealed in at least 
half the cases that the lesion was a huge intracerebral 
cavity communicating with the lateral ventricle. 
As shown in Case 1, the sub-cortical cavity can fail 
to fill with air on one occasion and fill well if 
pneumoencephalography be repeated after a week 
or two. 


Electroencephalography discloses the hemisphere 
involved but fails generally to establish the exact 
localization. Repeated pre-operative electro- 
encephalography, as in Case 7, shows that the non- 
involved cerebral hemisphere develops an abnormal 
electrical activity after a few days, then recovers after 
_ a short time, while the diseased brain area shows 
depressed activity with better localization. 

From the foregoing we see that the differential 
diagnosis of the spontaneous sub-cortical bleeding 
varies according to the stage at which the patient is 
seen. At the onset it must be differentiated from a 
ruptured aneurysm or from a capsular hemiplegia, 
occasionally from an arterial thrombosis, at the 
second stage from a brain tumour. Ancillary 
investigations are very useful but do not give any 
absolute answer to the question of the nature of the 
space-occupying lesion. 


Aetiology and Pathogenesis 

The question of aetiology has been dealt with at 
length by Jewesbury (1947), who emphasized the 
analogy between delayed traumatic intracerebral 
haematoma of Bollinger (1891), studied again by 
Symonds (1940), and spontaneous sub-cortical 
haemorrhage. No trauma has been recorded in our 
cases, though the last patient had made a strenuous 
effort three hours before his attack and during that 
time he had felt tired. But now that we know of such 
haematomas occurring without any traumatic 
background we must question the very existence of 
late post-traumatic haematoma. Systemic hyper- 
tension was absent and there was arteriosclerosis in 
only one case (Case 6), in which it certainly played a 
causative part as appears from the past history. In 
Case 8 the presence of a very abnormal occipital 
artery had raised the question of the intracranial 
arteries being abnormal too; the histological 
examination of some cortico-pial vessels from the 
excised cortex did not confirm this hypothesis. 
However, that arterial anomalies may account in 
some cases for apparently unexplained intracerebral 
bleeding has been illustrated by Kajtor’s patient 
(1947-48) in whom the necropsy disclosed a hypo- 
plasia of the anterior cerebral artery on the side of the 
bleeding. This author emphasizes that intracerebral 
bleeding may occur in the absence of thrombosis 
or embolism, being due to a localized vascular 
deficiency causing a local ischaemia of the brain. 
This idea had been already expressed by various 
authors, who pointed out that vasospasm is sufficient 
to cause a localized vascular deficiency (Westhphal 
and Baer, 1926; Hicks and Warren, 1951). The 
vasospasms would account for a prodromal period ; 
they would lead to a massive haemorrhage only 
if they recurred so frequently as to damage the 
arterial walls and the surrounding tissue. This 
theory accepts an arterial origin of the bleeding. 
Whether this is true in all cases is not yet proved. 
Craig and Adson (1936), struck by the fact that 
they were unable to find any active bleeding point 
after emptying the intracerebral cavity, sponsored 
the idea of a venous origin. We made the same 
observation in our unsuccessful search for an 
arterial bleeding source; however, we feel that - 
slow venous oozing can hardly be responsible 
for the apoplectic onset observed. The subdural 
haematoma in Case 2 was due in our opinion to 
outpouring of blood from the intracerebral haemor- 
rhage through the thin cortex. In certain instances, 
however, a venous origin due to increased intra- 
venous pressure must be admitted, as in a recent case 
of post-traumatic arteriovenous fistula leading to a 
fatal intracerebral haemorrhage from distended veins. 
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Operative Treatment and Prognosis 


In all our cases an osteoplastic bone flap was 
turned, the cortex incised or excised, the cavity 
explored and emptied. There was one post-operative 
death, the seven other patients recovering from 
fairly to very well. The operative findings lead us 
to think that the simpler method of tapping the 
cavity and aspirating the fluid through a burr-hoie 
(Huber and Sch6nbauer, 1951) or transdurally 
after lifting a small bone flap (David and Hécaen, 
1945) are not satisfactory, as blood clots cannot be 
aspirated in these ways. Exact haemostasis should 
amply compensate for the risk of a secondary 
haemorrhage mentioned by the French authors. 
Nor are cases of spontaneous sub-cortical hae- 
matoma to be compared with acute post-traumatic 
intracerebral haemorrhage in which Kristiansen 
(1948) deems an osteoplastic craniotomy inadvisable 
as too traumatizing, advising instead simple 
enlargement of a burr-hole. Neither do we see 
the point of subjecting the patients first to a 
decompression and later, when the clots have 
eventually liquefied, to a second procedure (David 
and Hécaen, 1945). It seems to us that the foreign 
body which the sub-cortical haematoma represents 
has to be evacuated as soon as its presence has been 
ascertained.* A mere decompression, as advocated 
by Fazio (1950), in the apoplectic forms in which 
the patient’s condition would not allow exact 
localization through ventriculography, is, in our 
opinion, of no more value than in cases of brain 
tumour. 

The prognosis depends a good deal on the 
localization of the sub-cortical haematoma ; indeed, 
if such cases are recognized and adequately treated, 
there is not so much danger in the immediate 
future to life as there is to function. 


Pathology 


In contradistinction to Guillaume and Joinville 
(1945), who found that the majority of spontaneous 
intracerebral haematomas were located in the 
parieto-occipital region, we have a fairly equal 
proportion of anteriorly and posteriorly placed 
lesions. 

Penfield’s remark about the discoloration of the 
cortex overlying a sub-cortical haematoma was 
confirmed in at least half the cases. In three cases 
(Case 1, 6, and 7) the operator thought he had found 
neoplastic tissue, but each time the histological 
examination disproved it. It has been stated (Bagley, 
1932) that formation of a cyst with organization of 


* We thus fully agree with Diana Beck (1952), whose important 
contribution to the subject was unknown to the author at the time 
of writing this paper. 


surrounding tissue after immediate outpouring of 
blood should begin within the first few days ; it is 
therefore of interest to note that a capsule. around 
the sub-cortical haematoma was found only in two 
cases (Cases | and 3), being in the first six weeks and 
in the second five weeks old. The other intracerebra!| 
haemorrhages of our group did not show any 
membrane, at least to be recognized macroscopically 
at operation. David and Hécaen (1945) state that 
liquefaction of the blood clots should be almost 
complete after two weeks so as to justify surgical 
treatment by tapping of the cavity only. In three 
patients (Cases 1, 2, and 7) in whom the haemorrhage 
was older than four weeks the intracerebral cavity 
still contained blood clots, partially organized, and a 
certain amount of fluid. From our cases we cannot 
tell what will occur to the fluid-filled cavities. 
Rowbotham and Ogilvie (1945) think that osmotic 
pressure will increase as the coagula break down, 
so that fluid will get into the cyst from the surround- 
ing tissue, as happens in chronic subdural hae- 
matoma. If this is really the case the complete 
resection of the cyst, membrane and contents, as 
outlined above, seems still more advisable ; and 
conservative treatment should have very little 
prospect of success, since the fluid content will 
increase rather than decrease. As pointed out by 
Guillaume and Joinville (1945), among others, the 
haemorrhage does not generally destroy the cerebral 
parenchyma ; this accounts certainly for the good 
recovery of function in some patients (Cases 1, 2, 3, 
6, and 8), while destruction of neural pathways has 
certainly occurred in deeper regions and more 
centrally located haemorrhages, as in Case 5. In our 
second case, there was a thin subdural membrane 
adherent to the cortex overlying the intracerebral 
haematoma, a remnant of blood having leaked 
through the cortex from the subcortical haemor- 
rhage. 


Summary 


Eight cases of spontaneous sub-cortical haema- 
toma treated by craniotomy and evacuation of 
the cavity are presented. In seven instances no 
aetiological factor could be found; in one case 
arteriosclerosis may have played a part. The 
clinical picture consists mainly of the sudden onset 
of excruciating unilateral headache, followed by 
vomiting and impairment of consciousness, then 
spontaneous recovery from the initial stroke with 
unilateral neurological disability on the side opposite 
to the headache. Ancillary investigations are 
necessary : lumbar puncture to show fresh subarach- 
noid haemorrhage ; arteriography to eliminate a 
ruptured aneurysm and to show an avascular 
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intracerebral space-occupying lesion; pneumo- 
encephalography to confirm the exact location of the 
lesion in disclosing in half the cases an air-filled 
cavity communicating with the lateral ventricle. 
in my opinion the sub-cortical haematoma has to be 
treated like any other sub-cortical space-occupying 
lesion, by complete removal. 

Aetiology, pathogenesis, 
briefly discussed. 


I wish to express my heartfelt thanks to Professor 
Hugo Krayenbiihl, my former chief, for his kind 
permission to publish the cases of spontaneous sub- 
cortical haematoma which were observed in his clinic 
until the end of 1951. 
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DIMERCAPROL IN THE PRE-NEUROLOGICAL STAGE OF WILSON’S 
DISEASE (HEPATOLENTICULAR DEGENERATION) 

BY 

C. G. WARNOCK and D. W. NEILL 


From the Metabolic Department of the Institute of Pathology, Royal Victoria Hospital, Belfast 


The pursuit of a solution to the enigma of Wilson’s 
disease was stimulated and intensified by the dis- 
covery of its associated amino-aciduria by Uzman 
and Denny-Brown (1948) and the re-awakening of 
interest in the role of copper metabolism occasioned 
by the findings of Mandelbrote, Stanier, Thompson, 
and Thruston (1948), Cumings (1948, 1951), and 
subsequent workers. 

Much that is important has thus been added to 
the existing knowledge of this disorder, and hopes 
of finding an effective means of controlling its 
progress have emerged from the encouraging 
response to treatment with dimercaprol (2 3 
dimercaptopropanol or BAL) in a number of cases, 
e.g., those of Cumings (1951), Denny-Brown and 
Porter (1951), Boudin, Pépin, and Calatchi (1952), 
and Streifler and Feldman (1953). 

All these patients were individuals in whom the 
characteristic nervous symptoms were already well 
established and, in some instances, far advanced and 
of long duration. Nevertheless, administration of 
dimercaprol in appropriate dosage at regular 
intervals was followed by a lessening of tremor and 
rigidity with consequent improvement in motor 
functions. 

Whether this measure of control can be main- 
tained indefinitely in long-established cases remains 
to be seen, but the need for further trials of the drug 
in younger patients and earlier cases has been 
emphasized (Lancet, 1952). 

The purpose of the present paper is to put on 
record a case in which this treatment was given 
before the onset of nervous symptoms. The progress 
of the patient since BAL was first used in May, 
1949, will be described and the pre-neurological 
diagnosis of the disease discussed, together with the 
prospects of arresting its progress at this stage. 


Technical Procedures 


Copper estimations were made by the method of Eden 
and Green (1940) with the usual precautions against 
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contamination of the specimens with extraneous copper 
and against other sources of error. 

Urinary amino-acid excretion was investigated by two- 
dimensional paper chromatography according to the 
method of Dent (1946). For total urinary amino- 
nitrogen the procedure was that of Albanese and Irby 
(1944). Liver function tests were performed by standard 
techniques. 

The BAL used was a 10% w/v solution in arachis oil, 
containing 20% w/v benzyl benzoate (supplied by 
Boots, Ltd.). 


Case History and Laboratory Data 

The patient, a boy aged 16, is the only surviving 
member of a family of three children whose full clinical 
history has been described elsewhere (Warnock, 1952). 

The parents are alive and well. The eldest child, a 
girl, died at age 11 from acute liver failure with jaundice 
and ascites. The second child, a boy, died at age 21, 
after a prolonged illness which began with ascites at 9_ 
years and was followed by neurological troubles, first 
noticed at age 14, and eventually ending in gross extra- 
pyramidal motor disorder, with contractures, dysphagia, 
and complete anarthria. 

Clinically and anatomically the picture was that of 
classical Wilson’s disease of the progressive type. 
Kayser-Fleischer rings were present in both corneae. 
No extended course of BAL was given to this patient 
but hypercupricuria was present (456 g./24 hours) and 
post-mortem copper levels in tissues were shown to be 
excessive both in the liver and in the various damaged 
areas of the brain. These findings were described fully 
at the time (Warnock, 1950). H. C., the present case, is 
the youngest member of the family. 

At birth (1937) he was a normal infant and developed 
normally, but at age 3 the liver was found to be enlarged 
and tender and for almost a year before this he had been 
having frequent loose stools with occasional passage of 
blood and mucus. Throughout his childhood there was 
a more or less continuous tendency to looseness of the 
bowels, with spells of anorexia, pasty complexion. 
fluctuation in weight, and occasional pyrexia. 

In March, 1948, at age 10 years and 8 months, faint 
Kayser-Fleischer rings were seen in both corneae. This 
was confirmed by slit-lamp microscopy. One month 
later there were signs of ascites, oedema of the lower 
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extremities, and minimal jaundice. There was laboratory 
evidence of liver dysfunction (Table II) and a hypo- 
chromic microcytic anaemia with relative lymphocytosis. 
At this juncture he was admitted for a short time to the 
National Hospital, Queen Square, where Dr. E. A. 
Carmichael kindly confirmed the diagnosis of Wilson’s 
disease. 

Ascites disappeared in four weeks and has never 
returned. Slight haemorrhagic tendencies were evident 
and, for the next two or three years, there was recurrent 
epistaxis, small crops of petechiae, and excessive oozing 
from needle punctures. Blood coagulation properties 
were correspondingly deficient : blood platelets 70,200 
per c.mm. ; prothrombin concentration 70% ; coagula- 
tion time, 11 minutes; bleeding time, 7 minutes ; 
fragility normal. 

A dietetic regime (high protein and carbohydrate, 
minimal fat) was instituted in May, 1948, and was 
supplemented with “* hepovite ’’ (Evans), Vitamins A, 
B-complex, C, and K, as well as weekly injections of 
vitamin B12 (200 ug.). After a year on this routine 
laboratory tests still showed considerable derangement 
of liver function (Table II). 


Copper.—Preliminary copper investigations were 
carried out from January to March, 1949. Serum copper 
levels ranged from 165 to 296 wg. per 100 ml. in a series 
of 10 estimations, with a mean value of 200 ug. per 100 
ml. (normal, 86-161 wg. according to Cartwright, 
Huguley, Ashenbrucker, Fay, and Wintrobe, 1948). The 
plasma globulin content was raised during this time 
(Table 11). 

Urinary copper concentration, in a series of eight 
estimations during the same period, varied from 22 to 
32 ug. per 100 ml. (normal, 0-14-7 wg. per 100 ml., 
Porter, 1951) and the 24-hour output reached a maximum 
of 352 ug.,as compared with normal standards of 10 to 
68 ug. (Matthews, Milne, and Bell, 1952). 

A single trial dose of dimercaprol (200 mg.) raised the 
copper excretion from 253 wg. to 400 wg. in the succeeding 
24 hours while the serum copper was elevated from 180 
ug. per 100 ml. before BAL to 280 ug. per 100 ml. 24 
hours later. 

From May, 1949, onwards repeated courses of BAL 
have been given and for the past year this has been done 
at intervals of three months. 

The dosage used is 400 mg. intramuscularly at four- 
hourly intervals on the first day, then at 12-hourly 
intervals for three days, and then once daily for a further 
four to six days. It has been found that pre-treatment 
levels of urinary copper are widely variable and are 
sometimes hardly above the possible limit of normal 
(Fig. 1). 

But with this routine of treatment a phenomenal 
mobilization of copper can be produced and a high 
urinary output is maintained for some days after the 
last injection. For example, in April, 1952, urine was 
collected for three successive days before the beginning 
of treatment. The specimens were pooled, and a 500 
m!. sample was taken for copper estimation. Similar 
portions were taken from the pooled 24-hour urines 


during the first three days of treatment and during the 
fourth, fifth, and sixth days after cessation of treatment. 
The findings were as follows (Table I). 


TABLE I 
URINARY COPPER EXCRETION 





| 3 Days 


4th, 5th, and 6th 
before’ 


Days after End 
of Treatment 


First 3 | 
| Normal Days of 


BAL | Treatment 





Average 24- 
hour output 


(g.) 10-68 | 84 2,835 | 680 





Amino-aciduria.—An initial chromatographic analysis 
of the urine was done in July, 1951, at University College 
Hospital, by the courtesy of Dr. C. E. Dent. This 
showed slight but definitely increased quantities of 
glycine, serine, alanine, and glutamine, with a definite 
increase of tyrosine. There was also a very slightly 
raised output of cystine. Subsequently this was repeated 
by us on numerous occasions. The pattern regularly 
obtained is shown in Fig. 1, and indicates a generalized 
amino-aciduria. 














Fic. 1.—1. Phenylalanine. 2. Tyrosine. 3. Leucine. 4. Valine. 
5. 8-Aminoisobutyric acid. 6. a-Aminobutyric acid. 7. Histi- 
dine. 8. Alanine. 9. Threonine. 10. Glycine. 11. Serine. 
12. Glutamic acid. 13. Aspartic acid. 14. Cysteic acid (from 
cystine). 15. Glutamine. 16. Taurine. The circle areas are 
proportional to the amounts of amino-acid in 25 wl. urine. 


Chromatograms done on urines with a very high 
copper content (e.g., during the first three days of BAL 
treatment indicated in Table I) gave a similar amino-acid 
pattern with the exception of a more definite output of 
glutamic and aspartic acids. 


Clinical Progress.—After the disappearance of ascites 
in 1948 the patient’s general condition was satisfactory 
apart from the slight haemorrhagic tendencies noted 
above, and the periodic occurrence of short attacks of 
diarrhoea lasting a day or two at a time. These symp- 
toms gradually became less and less obvious and for the 
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past year they have been scarcely noticeable. No severe 
toxic reactions were observed in spite of the somewhat 
heavy dosage of BAL used. On the first day of a course, 
however, he has sometimes noticed a sensation of tingling 
and burning in the mouth and face, and in both hands. 
This is accompanied by marked conjunctival suffusion, 
and lacrimation. Tachycardia also occurs. All these 
phenomena disappear within an hour or so after the 
injection and as the course proceeds they become less 
and less noticeable. 

Liver function tests have shown a steady trend for the 
better. Table II, which shows the serial results of these 
tests, indicates that the position is now quite satisfactory. 


TABLE II 
PROGRESS OF LIVER FUNCTION SINCE 1948 








: , May,| | Nov.,| May, | May, | May, | May,| Feb., 
Estimation | 1948 | | 1948'| 1949 1950 | 1951 | 1952 | 1953 
Serum _ bili- 
rubin | xy 
(mg. %).. | 04 | @| 03 | O8 [|g | O04) 1:94) 0-4] 05 
Plasma pro- & | is] 
teins (g. %) = | | 
Total .. 704 + 7:5 | 7:25 | a] 7-4/| 70) 69 | 6-6 
Albumin) 239) 5) 34 | 40 (|¢/) SI) 42/| 49) 42 
Globulin) 465 | & 41 3-25 2 23 | 28| 20) 2:4 
Takata Ara $ 3 
test .. [+++] 8/+++4+/+4++) F) + | —ve| —ve| —ve 
Thymol tur- 2 b= | 
bidity | - — 
(units) 100 |3 8 48 |</ 3 | 29) 2 2 
Serum alka- B | m= 
line phos- | Teas 
phatase | ow 
(King- a 
Armstrong 
units) .. 70 70 | 60 52 | 30 | 28 18 





The liver itself remains palpable at two fingerbreadths 
below the costal margin. The edge of the organ is hard 
and apparently irregular. The spleen is slightly enlarged. 
Nervous signs and symptoms have remained completely 
absent. The patient is of good physique (height, § ft. 11 
in. ; weight, 70 kg.) and sexual development is normal. 
Intellectually he is well above average. 

The corneal pigment rings, however, have shown no 
signs of regression and are, in fact, much broader and 
deeper in colour than they were four years ago. Recent 
slit-lamp microscopy shows that there are signs of a 
second and inner pigment ring appearing in both 
corneae. This is a rare occurrence, but has been reported 
in at least one previous case, that of Froment, Bonnet, 
and Masson (1935). 


Discussion 


The exact significance of copper metabolism in 
the pathogenesis of Wilson’s disease is still imper- 
fectly understood but it is clear that, in certain 
cases, elimination of the metal in large quantities, 
as provoked by BAL, has been beneficial and that 
the ensuing clinical improvement was not co- 
incidental. 

It is also reasonably certain that copper begins to 
accumulate in the central nervous system before 


structural] damage has occurred. In the case of 
Spillane, Keyser, and Parker (1952), for example, 
there were large deposits in the thalamus and coriex, 
although these areas were still anatomically intact, 
and the case described here shows that body stores 
of copper must be excessive long before outward 
manifestations of nervous disorder become apparent. 
Denny-Brown and Porter (1951) have therefore 
rightly drawn attention to the distinction between 
this ‘‘ biochemical ”’’ lesion, which is potentially 
reversible, and the gross but irreversible structural 
lesions which characterize the cerebral pathology in 
classical Wilson’s disease. 

In so far as it is possible to envisage the degree of 
cerebral disorganization from the nature of the 
clinical picture, it is logical to suppose (as suggested 
by Denny Brown and Porter) that cases of the 
so-called ** pseudo-sclerosis ”’ variety, i.e., the more 
slowly progressive types, of later onset, and with 
tremor as the predominant feature, should respond 
best to treatment, since gross cerebral damage is 
often absent in such cases. 

An example of the kind (Warnock, 1952, Case 4) 
recently observed here, however, presented no 
opportunity for treatment, as the patient (a married 
woman, aged 40) was admitted to hospital in a state 
of imminent hepatic failure, with jaundice and 
ascites, to which she rapidly succumbed. 

Here, again, post-mortem enquiries revealed 
markedly excessive deposits of copper in the liver 
and brain, although the latter showed only minimal 
histological changes. 

In the present case it was possible to begin 
treatment of the disorder while still in its purely 
hepatic phase, since the diagnosis was already 
apparent from the family history and the presence 
of corneal pigment rings. 

In default of such confirmatory data the recog- 
nition of similar cases has hitherto presented 
insuperable difficulties. It is therefore worth while 
considering the diagnostic significance of bio- 
chemical data at this stage of the disease. 

The existence of amino-aciduria in otherwise 
healthy siblings of proven cases has been reported 
by Uzman and Hood (1952) and indicates that the 
identification of potential victims in affected 
families should be possible. But the nature of the 
amino-aciduria in Wilson’s disease is not sufficiently 
specific, in itself, to be absolutely diagnostic although 
it is easily demonstrable and displays a remarkably 
constant chromatographic pattern. Amongst the 
amino-acids detected we noted a_ repeatedly 
emphatic appearance of glutamic and aspartic acids 
in successive urinary chromatograms both in the 
present case and in that of the “* pseudo-sclerosis ” 
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case mentioned above. A similar emphasis upon 
these two amino-acids was evident in the case of 
Boudin and others (1952), while Uzman and Hood 
(1952) have pointed out the marked predominance 
of peptides of glutamic and aspartic acids, account- 
ing for 80 to 90% of the total urinary peptide 
content, in their cases. 

Demonstration of the amino-acid excretion 
pattern by chromatographic analysis is of greater 
practical value than estimations of total urinary 
amino-nitrogen, for the latter is subject to con- 
siderable fluctuation ; e.g., in the present case the 
total 24-hour urinary level. of amino-nitrogen was 
at one period found to be within normal limits in 
three successive days, viz., 0-4 g. N, 0-34 g. N, and 
0:48 g. N respectively. 

As regards copper findings, experience has proved 
that serum copper levels are of no diagnostic 
import, and they have been normal in some of the 
recorded cases (Brinton, 1947; Hood and Fager- 
berg, 1951 ; Spillane and others, 1952). 

Matthews and others (1952) have emphasized 
that hypercupraemia is only likely in the presence of 
a raised serum globulin and this has, in fact, been 
true of cases in which high blood copper levels were 
found, including the case described here. Never- 
theless, Scheinberg and Gitlin (1952) showed that 
the blood content of the copper-carrying globulin 
“ caeruloplasmin *’ was consistently below normal 
in their cases of Wilson’s disease. This may there- 
fore prove to be a useful diagnostic index, but we 
have so far been unable to enquire into it here. 

Urinary copper levels show periodic fluctuations 
during the course of the disease and a finding of 
excessive Output cannot invariably be guaranteed at 
any given time, but repeated estimations must 
eventually reveal it. 

The increase in cupricuria after BAL, on the other 
hand, is almost always significantly high; for 
example, in two-hour periods, Mandelbrote and 
others (1948) noted an elevation from 41-7 ug. to 
109 ug. compared with 31-9 ug. rising to 61 wg. in 
normal subjects. 

The minimum essential diagnostic criteria in 
doubtful cases would therefore consist in a gross 
“ universal * amino-aciduria coincident with a high 
resting level of urinary copper, showing a very 
marked increase after BAL. 

Since our own case satisfies these criteria and 
Since this association of biochemical findings has 
not been observed in any other disorder, it may be 
Claimed that an early diagnosis is possible on this 
basis alone. 

Certainly it should be feasible by this means to 
differentiate the condition from other causes of 


hepatic cirrhosis in young subjects, and to avoid 
the erroneous label of “‘ tuberculous peritonitis ” 
when the disease presents with ascites, or of “‘ Banti’s 
disease’ when splenomegaly and haemorrhagic 
phenomena are prominent, these latter being 
perhaps the commonest diagnostic pitfalls in the 
pre-neurological stage. 

A rare, but not unknown, eventuality is the 
occurrence of osteoporosis and spontaneous frac- 
tures before the onset of nervous symptoms. This 
happened in the elder brother of our case, and the 
similarity of the resulting clinical picture (following 
closely upon ascites with anaemia) to that of the 
Fanconi syndrome was commented upon (Warnock, 
1952). This comparison is heightened by the 
similarity of the amino-aciduria in the two diseases 
(Dent and Harris, 1951) but, although renal glyco- 
suria is also occasionally present in Wilson’s 
disease, the other biochemical changes of the Fanconi 
syndrome would serve to distinguish them. The 
present case exhibits no skeletal abnormality and 
the response to glucose tolerance tests was normal. 

It is obvious that recognition before the onset 
of neurological troubles should enhance the prospect 
of successful treatment. Clinical manifestations of 
hepatic dysfunction are far more commonly seen 
at this time than at any later period in the evolution 
of the complaint and the early age at which they 
may begin is well illustrated here. 

But, even when severe, they frequently subside 
and are succeeded by a quiescent period before 
nervous symptoms develop. This lull, which may be 
prolonged, is clearly the most opportune time for 
diagnosis and appropriate treatment. But the 
evaluation of the effects of treatment, in the absence 
of nervous symptoms, is peculiarly difficult for, as 
the clinical signs of liver dysfunction tend to dis- 
appear spontaneously in untreated cases, so does the 
laboratory evidence decline pari passu. Thus we 
hesitate to claim that the improvement in liver 
function shown by our case is entirely attributable 
to the treatment given. It may be noted, however, 
that whereas the liver function tests showed no 
impressive change in response to dietetic treatment, 
they began to show improvement after the first 
courses of dimercaprol. The failure of dietetic 
measures to control the progress of the disease was 
noted by Denny-Brown (1948) and his collaborators 
after a prolonged trial in a series of previously 
reported cases (Homburger and Kozol, 1946; 
Homburger, 1946). 

A more significant detail here is the continued 
absence of nervous symptoms, and the clinical state 
of the patient contrasts favourably with that of his 
brother at the same age, in whom the first signs of 
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nervous trouble appeared at age 14 and were well 
advanced at 16. In view of the tendency of the 
disease to pursue a closely similar course of evolution 
in members of the same family this can be regarded 
as a hopeful sign and may indicate that damage to 
the central nervous system has been delayed, though 
it is too soon to claim that it has been permanently 
averted. 

The continued development of the Kayser- 
Fleischer rings in this case contrasts with the 
observation of Denny-Brown and Porter (1951) who 
found regressive changes in the corneal pigment 
after BAL treatment. So far this alteration does not 
seem to have taken place in any other case so treated. 

If the basis of this pigment is copper, as many 
authorities believe, its increased intensity in our 
case would appear to indicate that the metal is still 
accumulating in the body in spite of the treatment. 
Another possibility is that the mobilizatjon of 
copper in the tissues by BAL may result in some 
redistribution of it, thus allowing more into the 
cornea. 

The concentration of copper in the circulating 
blood has been shown to increase during BAL 
treatment (Cumings, 1951; Boudin and others, 
1952), and the same thing was observed in our case. 
But the excess must be accounted for by quantities 
of the metal chemically linked to dimercaprol, and 
that this could be retained in the cornea seems 
unlikely. At all events, the present state of the 
Kayser-Fleischer rings in this case provides no clue 
to the ultimate prognosis and, from what has been 
stated above, it is evident that time will prove to 
be the only reliable arbiter of successful treatment. 

Four years have now elapsed since the beginning 
of BAL therapy in this patient who was, in fact, one 
of the earliest cases to have it and is, to the best of 
our knowledge, the first to be subjected to a pro- 
longed trial of dimercaprol in the absence of 
nervous symptoms. 

It is for these reasons, and to draw attention to 
the special problems which such cases may be 
expected to raise, that it is presented here. 


Summary 


A pre-neurological case of Wilson’s disease is 
described and its progress during four years of 
treatment with dimercaprol is recorded. 

Almost all evidence of hepatic dysfunction has 
disappeared and nervous symptoms are still absent. 

Clinical and diagnostic problems associated with 
the disease at this stage are discussed. 


The biochemical investigations were carried out in the 
Metabolic Department of the Institute of Pathology, 
Royal Victoria Hospital, Belfast, by kind permission of 
Dr. J. A. Smyth. 

Amongst others to whom we are indebted we especially 
wish to mention the following: Dr. C. E. Dent, 
University College Hospital, for his helpful interest ; 
Dr. J. N. Cumings, National Hospital, Queen Square, 
for advice on copper investigations and the use of BAL 
at a time when it had not yet been tried out in this 
disease ; Dr. Beatrice Lynn for slit lamp microscopy ; 
and Mr. John Coulter (chief technician of the laboratory) 
for his invaluable assistance throughout. 
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STUDIES OF THE CONNEXIONS OF THE FORNIX SYSTEM 
BY 
H. M. DAITZ and T. P. S. POWELL 


From the Department of Human Anatomy, University of Oxford 


During recent years, particularly since anatomical 
and physiological experimental methods have failed 
to provide evidence that the hippocampus has a 
direct relationship to olfaction (Rose and Woolsey, 
1943 ; Fox, McKinley, and Magoun, 1944 ; Le Gros 
Clark and Meyer, 1947 ; Meyer and Allison, 1949), 
increasing attention has been focused on _ this 
cortical structure. Its functional significance 
remains obscure, but reports (Kliiver and Bucy, 
1938 ; Bard and Mountcastle, 1948) that its destruc- 
tion may lead to profound disturbances of behaviour 
in experimental animals suggests that it serves an 
important function in relation to cortical activities 
as a whole. These observations also to some extent 
support the hypothesis, originally put forward by 
Papez (1937), that the hippocampus and its con- 
nexions are essential components of a _ neural 
mechanism underlying emotional reactions. In the 
attempt to elucidate the functional significance of the 
hippocampus it is a matter of some importance that 
its connexions should be established with reasonable 
certainty, and this can only be done by the use of 
experimental methods. Most of the statements on 
the hippocampus which are to be found in standard 
textbooks of neuro-anatomy are based on the study 
of normal material, but the difficulties of interpreting 
fibre connexions in such material are so great that 
conclusive results can but rarely be obtained. It 
has been reasonably well established that the 
efferent fibres of the hippocampus are collected 
together in the fimbria and fornix and are for the 
most part distributed to the septum and mammillary 
nuclei, and possibly, by way of the ventral psalterium, 
to the hippocampus of the opposite side. The 
fimbria thus appears to be a complex bundle con- 
taining projection and commissural fibres. The fibres 
are commonly assumed to be mainly the axons of the 
pyramidal cells of the hippocampus, but there is no 
certainty from which pyramidal cells or from which 
fields of the hippocampus these different components 
of the fornix system take their origin. Recent 
physiological studies by Stoll, Ajmone-Marsan, and 
Jasper (1951) have indicated the presence in the 
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fornix system of fibres passing backwards from the 
septum and this is also suggested by the Marchi 
experiments of Morin (1950). If this is so, it becomes 
evident that the fornix system is even more complex 
in its fibre components than has generally been 
supposed. 

Several experimental methods are available for 
studying the connexions of the fornix system. The 
Marchi technique has serious limitations because a 
high proportion of the fornix fibres are very fine. 
Silver methods demonstrating terminal degeneration 
have been used with some success by Sprague 
and Meyer (1950) and by Simpson (1952). The 
method of retrograde cell degeneration may be 
expected to give positive results if the de- 
generation is sufficiently well marked to be readily 
detected in Nissl preparations, and consistently 
present with the same type of lesion. So far as the 
hippocampus and fornix system are concerned the 
only previous study with this method is that of Allen 
(1944) who, in his brief report, described chromato- 
lysis of the pyramidal cells of the hippocampus and 
of the polymorphic cells of the dentate gyrus in dogs 
after fornix section. In the present communication 
the method of retrograde degeneration has been 
applied to the study of the fornix system following a 
number of experimental lesions, and it has led to 
certain well defined results. The fibre degeneration 
which has resulted from these lesions will be 
described in detail subsequently. 


Material and Methods 


The animals used in these experiments were 20 albino 
rats, two rabbits, and one macaque monkey. The rats 
varied in age from four days to fully grown adults. For 
the fimbrial lesions a small trephine hole was made on 
one side of the skull just behind the midpoint between 
the anterior and posterior poles of the cerebral hemi- 
sphere. An ophthalmic knife was inserted to a depth 
estimated from preliminary studies to be sufficient to 
sever the fimbria. In one rat the fimbria was 
divided on both sides. The animals in most cases 
made a good recovery, and were allowed to survive for 
periods ranging from one week to 10 months. In one 
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adult rat an attempt was made to destroy the amygdaloid 
nuclei. In order to do this the antero-lateral part of the 
skull was opened through the orbital wall and the cortex 
and underlying tissue in the region of the amygdala 
removed by suction. This animal was allowed to survive 
for five weeks. The rats were killed under ether anaes- 
thesia and the vascular system perfused with saline 
followed by either 70% alcohol or a mixture of alcohol, 
formalin, and acetic acid (Bodian, 1937). 

The experimental procedure was similar in the rabbits. 
The midparietal region of one cerebral hemisphere was 
exposed and an ophthalmic knife was inserted down- 
wards and medially. After one month the animal] was 
killed and the brain removed and fixed in 70% 
alcohol. 

In the monkey the brain was exposed by raising an 
osteoplastic flap. After retracting the left cerebral 
hemisphere the corpus callosum was brought to view and 
incised sagittally to open the third ventricle. A right- 
angled hook was inserted through this incision and 
rotated to lie in the coronal plane. The hook was then 
withdrawn and in doing so the left fornix was completely 
divided. The animal made a good recovery ; after seven 
weeks it was killed and the brain was removed and fixed 
in 70% alcohol and 2% acetic acid. 

From all the brains blocks containing the septum, 
thalamus, hypothalamus, amygdala, and hippocampus of 
both sides were embedded in paraffin wax. Sections 
were cut at 15 u or 20 u and mounted serially. They were 
stained either with Borrel’s methylene blue or with 
protargol. Series of normal brains stained with methy- 
lene blue, protargol, and by the Golgi-Cox technique 
were used for comparison. 


Experimental Results 


The regions of the brain considered relevant for 
the study of retrograde degeneration following the 
fornix lesions included the hippocampus, septum, 
amygdala, thalamus, and hypothalamus. These were 
examined in methylene blue preparations for cell 
loss or degenerative change and in all cases of 
unilateral lesions strictly comparable levels on the 
two sides were always used for comparison. 


Hippocampus.—Irrespective of the species, age of 
the animal, or the survival time, in all experiments 
there was a consistent absence of any detectable 
change in the cells of the hippocampus (except in the 
immediate proximity of the lesion). The most careful 
comparison of the cells in all fields of the hippo- 
campus on each side showed no significant differ- 
ence, either in their number, size, or staining 
properties ; nor was there any gliosis evident in the 
pyramidal cell layer on the operated side (Figs. 1-4). 
In order to confirm the impression that there was no 
cell loss on the operated side sample counts of the 
cells in the different fields of the hippocampus of 
both sides were made in one experiment. These were 


done with the use of a graticule inserted intoa » 6 
eyepiece and a 0:65 N.A. objective. All the nerve 
cells in six corresponding fields, selected to sample 
the whole cross-sectional area, were counted on each 
side. This was repeated at five evenly spaced levels 
through the antero-posterior extent of the hippo- 
campus. These counts showed no significant 
difference between the two sides. It is particularly 
to be noted that even in rats a few days old, and even 
after a survival time of 10 months after complete 
section of the fornix, no changes in the appearance 
or number of the cells of the hippocampus could be 
detected. Further, neither section of the dorsal 
fornix as well as the fimbria in one rat (H 57), nor 
bilateral division of the fimbria (D 225), caused any 
appreciable change in the hippocampal cells. 

Although no cellular degeneration could be found 
in the hippocampus in this series of experiments, the 
alveus on the affected side in the rats was con- 
siderably reduced in thickness and showed a severe 
gliosis. Following division of the fimbria alone this 
degeneration involved the whole alveus over the 
ventral aspect and extended medially along the 
alveus on the dorsal aspect of the hippocampus from 
the fimbria to approximately the junction of the 
middle and medial thirds, that is to say, to a level 
between Lorente de N6’s fields CA, and CA,. 
Sections stained with protargol demonstrated a 
severe loss of fibres in the lateral two-thirds of the 
alveus but there was no change in the medial third. 
On the other hand, following division of both the 
fimbria and dorsal fornix the alveus shrank and 
fibres were lost along its whole medio-lateral extent. 
It is of interest to note that examination of the 
normal side in protargol-stained sections shows 
that the fibres in the lateral two-thirds of the alveus 
on the dorsal surface of the hippocampus (and in the 
entire alveus over the ventral segment) are directed 
laterally to the fimbria whereas those in the medial 
third extend into the dorsal fornix. This divergence 
of the axons at the junction of fields CA, and CA, 
is also shown distinctly in sections of normal rat 
brains treated by the Golgi-Cox technique. No cell 
or fibre degeneration could be seen in the stratum 
oriens of the hippocampus in any of the rat brains 
following fornix lesions. 

In the rabbits the alveus was not appreciably 
shrunken and there was no gliosis in methylene blue 
preparations. As the fornix was not completely 
divided (approximately a third being intact), and no 
protargol-stained sections were available, this finding 
is inconclusive. In the monkey, however, the alveus 
showed no detectable change either in methylene 
blue or protargol-stained sections though the fornix 
had been completely severed. 
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Fic. 1.—Coronal section showing the hippocampal formation on the unoperated side in rat H 50. The normal fimbria is 
indicated by an arrow. 


Fic. 2.—The hippocampal formation of the operated side in rat H 50 three months after complete division of the fimbria. 
The latter (indicated by an arrow) is shown caudal to the site of the lesion ; it is grossly degenerated and infiltrated with 
neuroglial cells. x 34. 
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The Septal Region: Medial Septal Nucleus.— 
This nucleus consists of two elements, a small-celled 
anterior part composed of stellate cells with very little 
Nissl substance and a large-celled posterior part 
composed of two cell types, large multipolar cells 
rich in Nissl material and small ovoid cells. Follow- 
ing section of the fimbria the parvicellular element 
remains unchanged. The changes in the magno- 
cellular part vary with the length of survival after the 
experimental lesion. After seven days the majority 
of the cells are shrunken and stain less intensely ; 
these changes are sharply limited by the midline and 
thus clearly demarcate the nuclei of the two sides. 
After two weeks some degree of cell-loss has 
occurred. One month after operation the magno- 
cellular element of the medial septal nucleus on the 
operated side appears under low power to have dis- 
appeared completely and the nucleus of the normal 
side stands out in sharp contrast (Fig. 5). Examina- 
tion under higher magnification shows that though 
many cells have disappeared a number do persist. 
Most of these are small, lightly staining cells, but 
there are also fusiform, pyknotic cells which have a 
shrunken appearance ; an occasional normal large 
cell is also present. After the longer survival periods 
of three and 10 months the shrinkage of the remain- 
ing large cells is even more marked and they prac- 
tically all appear pyknotic and spindle-shaped. 
It is now exceptional to find a normal large 
cell, but the smaller, lightly staining cells are 
present. Only a slight degree of gliosis is seen 
even after 10 months. Essentially the same 
changes were found in the rabbit and monkey 
experiments. 

In one experiment (D 208) with a survival of seven 
days, the stria terminalis was divided without involve- 
ment of the fimbria. No appreciable degeneration 
was found in the medial septal nucleus following this 
lesion. 


Lateral Septal Nucleus.—This nucleus lies between 
the medial septal nucleus and the lateral ventricle. 
The peripheral part of the nucleus is composed of 
medium-sized ovoid and stellate cells which stain 
rather lightly ; in the medial part of the nucleus the 
cells are less closely packed and are smaller and stain 
more deeply. Following division of the fimbria 
there is severe neuroglial infiltration of the lateral 
septal nucleus and, in the medial sparsely populated 
area of the rat and the rabbit, the cells, while showing 
no cytological evidence of degeneration, are some- 
what larger than normal and have a more rounded 
appearance ; they also stain less deeply than those 
on the normal side. These cells are now identical in 
appearance with those of the lateral part of the 


nucleus, both on the normal and the operated s ides. 
This change first appears after two weeks, and the 
same appearance persists even after 10 months. 
Protargol-stained sections show that practically all 
the fibres that normally traverse the medial part of 
the lateral septal nucleus have disappeared. The 
changes in the cells of this area thus probably result 
from the fact that they are released from the 
mechanical compression normally exerted by the 
dense bundles of fibres which traverse the nucleus, 
It is certain that the difference between the cells of 
the two sides is not due to shrinkage of the cells on 
the unoperated side, for a comparison with series of 
normal brains shows that the cells on this side retain 
their normal appearance. Following _ bilateral 
division of the fimbria in the rat the cells in this part 
of the lateral septal nucleus become slightly enlarged 
on both sides. 

After section of the fimbria in the monkey’s brain 
the lateral septal nucleus has become heavily 
infiltrated with glial cells and its total width is 
considerably diminished, the cells being more tightly 
packed together. In contrast to the rats and the 
rabbits, however, no alteration in the morphology 
of the individual cells has occurred. 

The consistent retrograde degeneration of the cells 
of the medial septal nucleus following lesions of the 
fimbria makes it evident that the latter contains 
axons derived from this nucleus. In order to deter- 
mine whether these axons extend as far as the 
amygdaloid region, an attempt was made to destroy 
the amygdaloid complex in a rat (D 151) and the 
animal was allowed to survive for two months. 
Serial sections of the brain showed that almost the 
entire entorhinal cortex and the anterior part of the 
amygdala had been destroyed, the lesion also 
extending medially to the lateral preoptic region. 
More posteriorly the cortical nucleus is undercut 
throughout most of its medio-lateral extent and its 
cells stain feebly. The caudal parts of the cortical 
and medial nuclei, and the ventral tip of the lateral 
nucleus, remain intact. An apparently undamaged 
stria terminalis can be seen leaving these nuclei. The 
hippocampus had not been damaged at all. The only 
change in the septal region is a lighter staining of the 
most peripheral cells of the lateral septal nucleus, 
but this can be attributed to the direct effect of the 
lesion. Both the medial and lateral septal nuclei of 
the operated side have their normal cell population 
and there is no neuroglial infiltration. The number 
and morphology of the cells in the nucleus of the 
diagonal band also remain unchanged, as well as 
those of the anterior hippocampal nucleus and the 
bed nuclei of the anterior and hippocampal com- 
missures. 
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3.—Pyramidal cells in field CA, of the hippocampus of the unoperated side in rat H 50. x 880. 
. 4.—The corresponding field of the operated side in rat H 50 three months after total interruption of the fimbria. x 880. 


- 5.—Coronal section of the septum in rat H 50 three months after fimbrial section. The medial septal nucleus on the operated side 
(to the right in the photomicrograph) has undergone severe retrograde degeneration. < 130. 


- 6.—The ventral limit of the nucleus of the diagonal band in rat H 54 10 months after division of the fimbria. Marked cell loss has 


, occurred on the operated side (to the left of the photomicrograph). 


All the sections illustrated by photomicrographs were stained with Borrel’s methylene blue. 





80 


Triangular Nucleus of Cajal, Bed Nucleus of Stria 
Terminalis, Anterior Hippocampal Nucleus, Nucleus 
Accumbens.—None of these nuclei showed any 
significant change in any of the experimental 
animals. 


Interstitial Nucleus of Ventral Psalterium.—The 
appearance of the cells of the interstitial nucleus in 
the rat and rabbit on the affected side of the com- 
missure, and particularly in the degenerated dorsal 
fornix in H 57, was noted both for the striking 
difference between the two sides, and for the enlarge- 
ment of the cells which in their appearance come to 
resemble those of the lateral septal nucleus; as 
with the medial part of the lateral septal nucleus, 
this change is evidently a mechanical effect following 
loss of the fibres which normally penetrate among 
the cells. There is severe gliosis in the affected half 
of the commissure and protargol-stained sections 
show a marked loss of fibres. No change was found 
in the cells of the interstitial nucleus of the monkey ; 
this is related to the absence of any fibre degenera- 
tion in the ventral psalterium. 


Nucleus of the Diagonal Band.—This is a promin- 
ent L-shaped bed nucleus in the telencephalon. Only 
the cells of the vertical limb of the nucleus on the 
operated side are affected by section of the fimbria. 
The reaction is very similar to that found in the 


medial septal nucleus, but it is not as complete or as 
uniform. After seven days a number of the cells have 


shrunk and stain less intensely. After longer 
survival periods many of the cells have completely 
disappeared but even after 10 months a proportion 
of normal cells persist (Fig. 6). It should be 
emphasized that division of the dorsal fornix in 
addition to the fimbria does not affect the amount 
of degeneration. 

Bilateral section of the fimbria results in degenera- 
tion in the diagonal band nucleus on both sides. The 
severity and distribution of the degeneration in either 
nucleus is exactly the same as that after unilateral 
lesions. On the other hand, division of the stria 
terminalis alone, without involvement of the fimbria, 
does not lead to any degeneration (at least after 
seven days). 


Pre-optic Region and Hypothalamus.—The differ- 
ent nuclei in these regions were examined carefully 
in all experiments, but, apart from that secondary 
to direct damage to the anterior thalamic nuclei, no 
degeneration was found. 


Thalamus.—Inconstant changes have been found 
in some or all of the midline and intralaminar nuclei 
in many experiments. However, the appearance of 
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the cells in any individual nucleus showed con- 
siderable variation in different animals ; sometimes 
they are swollen and stain less deeply, while in other 
experiments they are shrunken and pyknotic. There 
may or may not be accompanying cell loss. It has 
not been possible to correlate these variations either 
with the site and extent of the lesion in the fornix 
system or with the degree of thalamic involvement. 


Epithalamus.—In one experiment, with a survival 
time of 15 weeks, in which the fimbria and stria 
terminalis had been divided (with involvement of the 
lateral thalamic nucleus) in a rat (H 50), the habenu- 
lar nuclei of the operated side showed cytological 
changes. In the medial habenular nucleus all the 
cells had shrunk and stained more intensely, while 
those in the lateral habenular and parataenial nuclei 
were enlarged and stained more lightly as compared 
-with the normal side. These changes were not 
accompanied by any cell loss or gliosis. Protargol 
preparations showed a distinct neuropil loss in these 
nuclei and the fibres of the stria medullaris were not 
so well impregnated as on the normal side. In other 
experiments with similar or more extensive lesions, 
and with the same or other survival times, no change 
was found in the habenular nuclei. The cell changes 
are thus not consistently related to the type of lesion 
and their significance in H 50 remains undetermined. 


The Amygdaloid Region.—In those experiments in 
which the stria terminalis had been cut, each 
amygdaloid nucleus was examined in detail. No 
significant difference was detected either in the 
number or morphology of the cells. 


Discussion 


Perhaps the most remarkable observation resulting 
from these experiments is the complete absence, 
following total interruption of the fornix system, of 
any demonstrable change in the cells of the hippo- 
campus, either in the form of a cellular reaction in 
the short-term survivals or of cytological changes or 
cell loss in the long-term survivals. In view of the 
common assumption that the fornix fibres are 
derived mainly from the axons of the hippocampal 
pyramids and that they comprise the only efferent 
pathway of the hippocampus, this result was 
unexpected, the more so because of the statement by 
Allen (1944) that in the dog section of the fornix 
leads to chromatolysis of the hippocampal pyramids. 
Unfortunately, however, Allen did not support his 
statement by photomicrographs and it seems possible 
that he may have interpreted slight variations in the 
intensity of staining which are to be found in normal 
material as evidence of chromatolytic changes. 
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Among the pyramidal cells, and in the stratum 
oriens and stratum radiatum of the hippocampus, 
and also in the polymorph layer of the dentate gyrus, 
we have found that occasional pale vacuolated cells 
are to be seen in normal brains. 

The absence of cellular degeneration in the hippo- 
campus in all our experiments is perhaps to be 
explained by the presence of a rich system of 
recurrent collaterals from the axons of the pyramidal 
cells. According to Lorente de No (1934) many of 
these axons are provided with conspicuous and 
branching collaterals of the Schaffer type which 
reach the stratum lacunosum, while others send off 
collaterals to form axial association pathways in the 
stratum radiatum. If Cajal is correct in his inference 
(1911) that the presence of such collaterals is 
responsible for the absence of retrograde degenera- 
tion of cells of the cerebral cortex following section 
of their main axons (the presence of these collaterals 
being assumed to be sufficient for maintaining an 
adequate physiological activity of the cells), it is 
possible that this is the explanation of the absence 
of any cytological change in the hippocampus 
following lesions of the fornix system. In Golgi- 
stained material axons are found to reach the alveus 
and it is certain that these fibres contribute to the 
fornix system, providing a projection pathway to the 
septal region and hypothalamus (cf. the experimental 
studies of Sprague and Meyer, 1950, and Simpson, 


1952). Protargol-stained sections of our own experi- 
mental material show quite clearly that section of the 
fimbria in rats is followed by a conspicuous loss of 
fibres in the alveus, presumably due, at least in part, 
to the interruption of caudally directed fibres having 
their origin in the medial septal and diagonal band 


nuclei. When the lesion is confined to the fimbria 
the fibre loss does not involve the medial third of the 
dorsal part of the alveus ; this region is affected only 
if the dorsal fornix is interrupted. These observa- 
tions provide clear evidence of differential con- 
nexions of different parts of the hippocampus with 
different components of the fornix system. An 
examination of Golgi-Cox and protargol sections 
of normal material also shows that the axons pro- 
ceeding from the pyramidal layer of the hippocampus 
into the alveus diverge at the junction of the middle 
and medial thirds of its dorsal aspect, this divergence 
corresponding to the junction of fields CA, and 
CAs. It is of some interest to note also that, accord- 
ing to Cajal (1911), Lorente de No (1934), and Adey 
and Meyer (1952), the afferent fibres to field CA, 
are derived from the medial part of the entorhinal 
cortex by way of the temporo-alvear pathway, while 
those to the other fields of the hippocampus come 
from the lateral entorhinal cortex by way of the 
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perforating tract of Cajal. It may be noted that in 
none of our experiments was any fibre loss detected 
in the other strata of the hippocampus. Further, no 
fibre degeneration was observed in the alveus of the 
monkey following complete division of the fornix ; 
however, this may be due to the fact that the lesion 
in this animal was anterior to the ventral psalterium, 
whereas in the rats the fimbria behind the psalterium 
was always involved. 

In contrast to the total lack of cellular change in 
the hippocampus following fimbrial section is the 
severe, rapid, and consistent degeneration in the 
medial septal and diagonal band nuclei. There is no 
reason to doubt that this is a true retrograde 
degeneration, and it may be concluded therefore 
that a large proportion of the cells of these nuclei 
send their axons caudally into the fimbria. (It has 
already been noted that division of the stria ter- 
minalis by itself is not followed by any change in 
these nuclei.) The exact destination of these fibres 
remains uncertain, but the fact that the medial septal 
and diagonal band nuclei remain intact after exten- 
sive destruction of the entorhinal cortex and 
amygdaloid nuclei with preservation of the hippo- 
campus strongly suggests that they terminate in the 
latter. 

Previous authors have described a septo-ammonic 
tract on the basis of normal material (Crosby, 1917, 
in the alligator; Kappers, Huber, and Crosby, 1936, 
in mammals). Morin (1950) also traced Marchi 
degeneration into the fimbria following septal lesions 
in the guinea-pig. On the other hand, afferent fibres 
to the hippocampus from the septal areas by way of 
the fimbria have been denied by Cajal (1901, 1911) 
and Lorente de No (1934), and this opinion appears 
to be generally accepted. 

Rose and Woolsey (1943) reported complete 
degeneration of the medial septal nucleus and 
degenerative changes in the “ diagonal area” in 
rabbits after ablation of the greater part of the 
telencephalon, including the hippocampus; it is 
interesting to note, however, that in two of their 
experiments in which the hippocampus and fimbria 
had been spared (together with “the olfactory 
structures in front of the septum”’) these nuclei 
remained intact. More recently, Stoll and others 
(1951) have claimed on the basis of electro-physio- 
logical studies that in the cat a two-way path exists 
between the septum and the tip of the temporal lobe 
and that these connexions pass bilaterally in the 
fimbria. So far as the nucleus of the diagonal band 
is concerned, the experiments of Gerebtzoff (1939), 
supported by those of Sprague and Meyer (1950), 
have suggested that ascending fibres in the dorsal 
fornix originate in this nucleus. We have not been 
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able to confirm this particular point, for our own 
experiments indicate that the extent of the retro- 
grade degeneration in the nucleus of the diagonal 
band is not affected by the inclusion of the dorsal 
fornix in the operative lesion. 

Since the stria terminalis lies in such close relation- 
ship to the fimbria it is almost impossible to cut one 
without damaging the other, and in most of our 
experiments both have been interrupted by the 
lesion. There is evidence that the stria terminalis 
originates in certain of the amygdaloid nuclei and 
we have therefore taken the opportunity of examin- 
ing the latter in our material for retrograde degenera- 
tion in the cells. The results were uniformly 
negative ; they are thus in agreement with those of 
Fox (1943) who was unable to detect any change 
following either lesions of the stria terminalis or 
lesions placed on the anterior, posterior, medial, or 
lateral margins of the amygdaloid complex. It 
seems probable, therefore, that the efferent con- 
nexions of the amygdaloid complex are not amenable 
to study by the method of retrograde cell degenera- 
tion. 

It has been mentioned that in many of the rat 
experiments inconsistent and variable cellular 
changes were noted in the midline and intralaminar 
nuclei of the thalamus. It is not possible to explain 
these findings with any certainty but it may be 


relevant to recall that Rose and Woolsey (1943) 
reported cellular degeneration in the midline and 
intralaminar nuclei following removal of the entire 
telencephalon. However, in two of their experiments 
(RW 6 and RW 8) in which the septum, hippo- 
campus, and olfactory structures were preserved 
these nuclei showed little or no degeneration. 


Summary 


The connexions of the fornix system have been 
studied experimentally in the rat, rabbit, and 
monkey by the method of retrograde cell degenera- 
tion. No cellular degeneration was found in the 
cells of the hippocampus after complete division of 
the fimbria or fornix. 

These observations were consistent in animals of 
all ages and after survival periods varying from 
seven days to 10 months. 

It is suggested that the absence of retrograde 
degeneration in the cells may be due to the rich 


system of recurrent collaterals derived from the 
proximal ends of the axons of the hippocampal 
pyramids. 

Extensive fibre degeneration of the alveus occurs 
in the rat following lesions of the fornix system. 
From the distribution of this degeneration it appears 
that field CA, of the hippocampus is related to the 
dorsal fornix and the other fields to the fimbria. 

Division of the fimbria results in complete atrophy 
or shrinkage of all the celis of the ipsilateral medial 
septal nucleus and partial degeneration of the 
nucleus of the diagonal band. Additional involve- 
ment of the dorsal fornix or stria terminalis in the 
rat did not affect the degree or distribution of this 
degeneration. 

No retrograde degeneration was found in the 
nuclei of the pre-optic and hypothalamic areas. 

Extensive destruction of the entorhinal cortex and 
amygdaloid nuclei was not accompanied by any 
degeneration in the septal nuclei. 

Division of the stria terminalis did not lead to any 
cellular change in the amygdaloid nuclei. 


We wish to acknowledge our thanks to Professor 
W. E. Le Gros Clark for his constant advice and 
criticism. We would also thank Dr. D. A. Simpson for 
performing the operation on the monkey. 

This work was done while one of us (T. P. S. P.) held a 
Medical Research Council Fellowship in Clinical 
Research. 
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THE TREATMENT OF DYSTROPHIA MYOTONICA 


WITH A.C.T.H. 
BY 
OLIVER GARAI 
From the Department of Neurology, King’s College Hospital, London 


Following the reports of Reese and Peters (1952) 
and of Shy and McEachern (1951) that A.C.T.H. was 
of benefit in the relief of dystrophia myotonica by in- 
creasing muscle strength, it was decided to try the 
effect of A.C.T.H. on a further group of patients. 
The results obtained form the basis of the present 
report. Case 1 is reported in detail, the remainder 
briefly. 

Case Reports 


Case 1.—Mr. S. is aged 35. In 1943, when serving in 
the Royal Marines, he noticed an inability to relax his 
grip. He was admitted to hospital where the diagnosis 
of dystrophia myotonica was made, and his discharge 
from the Marines followed. Since 1943 he has become 
bald and has experienced progressive difficulty in eating 
owing to stiffness of the muscles of mastication and of 
the tongue. At times there is such difficulty in moving 
the tongue and muscles of deglutition that he is unable 
to prevent a bolus of food lodging in the pharynx with 
consequent choking. This has been severe enough on at 
least three occasions for him to be admitted to various 
hospitals as an emergency. Saliva is difficult to swallow 
and speech has become monotonous so that people 
complain of difficulty in understanding him. Increasing 
weakness of the muscles of the neck makes it difficult 
for him to raise his head from a pillow and he has 
noticed that the neck has become much thinner in recent 
years. 

The difficulty in relaxing his grip has become more 
marked and he complains that when shaking hands he 
frequently hurts himself on jewelled rings. On walking, 
the left leg may suddenly stiffen from the hip to the toes 
causing him to fall over. The right leg has been similarly 
affected but less frequently. He has noticed that the left 
calf seems bigger than the right. There are no visual 
symptoms and respiration has never been interfered with. 
In spite of his disabilities he has been able to continue 
at his work as an artificial limb maker. There has been 
no decrease in libido and no impotence. He is married 
and has two daughters aged 7 and 6 years. 

He gave a past history of an appendicectomy in 1944. 

Both parents were of normal physique, but his paternal 
uncle was a very big, muscular man. Two brothers, 
aged 28 and 20, were killed in the war; both were of 
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exceptional muscular development and very tall, one 
being 6 ft. 2 in. and the other 6 ft. 9 in. There were no 
other siblings. 

On examination the essential features were as follows. 
The patient was of normal intelligence, but he was 
worried about his condition. Frontal baldness extended 
to the occiput, the remaining hair being thin and fine. 
The skin of the face was slightly greasy. The poverty 
of facial movement and the absence of wrinkling of the 
forehead were noteworthy in spite of moderate ptosis. 
The stance was lordotic. The patient weighed 10 stone. 

The optic fundi were normal, but the pupils reacted 
rather slowly to light and accommodation. No lens 
opacities were seen but there was an increased reflection 
from the anterior cortex of the lens. 

The neck was thin with obvious wasting of both 
sternomastoid muscles. The patient had difficulty in 
opening the mouth to command, an action which was 
performed slowly and to a limited extent only ; similarly 
movements of the tongue were slow and stiff. Speech was 
monotonous and slurred. Muscular development 
generally was poor and power was reduced in the arms 
and legs. No fasciculation was seen. There was marked 
myotonia of all muscles of both hands. All tendon 
jerks were sluggish. Plantar responses were flexor. No 
loss to superficial or deep sensation was detected. Other 
systems were normal. The pulse was 70, the blood 
pressure 110/75 mm. Hg. There was no evidence of 
testicular atrophy. 

Electromyography showed slow relaxation and low 
amplitude potentials interpreted as being consistent with 
the presence of myotonia. 

The Wassermann and Kahn reactions were negative. 
The electrocardiogram, radiograph of the chest and of 
the temporo-mandibular joints were all normal. 

The vocal cords were visuaiized by Mr. W. I. Daggett 
who noted very sluggish abduction of both cords, 
especially of the right, Adduction also was slow and the 
cord tension on phonation lacking. 

The electroencephalogram was abnormal with an 
excess of slow activity, the significance of which was not 
clear. 

Before admission this patient had shown no response 
to quinine or to amphetamine. 

From the day of admission on August 12, 1951, until 
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treatment. with A.C.T.H. was begun on October 17 the 
patient suffered nine attacks of myotonia of the muscles 
of the tongue and deglutition. Various drugs were tried 
in these attacks, including quinine, 0-5 g. intramuscularly, 
and sodium amytal, 0-25 g. intravenously, hexamethonium 
iodide, 20 mg. intravenously, prostigmine, 2-5 mg., and 
atropine 1/100 gr., procaine, 0-5 g. intravenously by slow 
drip, quinine, 3 gr. intravenously. Many of these 
substances were tried on more than one occasion but no 
real effect on the myotonia was ever apparent. 

On October 16 treatment with A.C.T.H., 160 mg. 
daily, was begun. Thereafter daily recording of blood 
pressure and urinary chlorides (Fanti’s test) was carried 
out and frequent eosinophil counts were made. The 
effect of the A.C.T.H. was to reduce the urinary chlorides 
and cause a slow fall in blood pressure from 130/80 to 
105/80 mm. Hg by the end of the first test period of 14 
days. After receiving 160 mg. of A.C.T.H. daily for five 
days the dose was raised to 200 mg. a day for the next 
nine days. 

On October 22 the myotonia of the muscles of the 
hands was less; there was also marked subjective 
improvement. The patient claimed that he had never 
felt so well at any time before treatment with A.C.T.H. 

By October 29 the myotonia was very obviously 
diminished but not quite absent. 

A.C.T.H. was stopped on November 1. 

Estimation of total 17-ketosteroid excretion per 24 
hours at this time gave 2:8 mg. before A.C.T.H. and 
3-2 mg. after A.C.T.H. and 4:0 mg. on each of two 
occasions. Though the pre-A.C.T.H. level of 17-keto- 
steroids is below normal, the response to A.C.T.H. was 
considered to be only moderate. 

On November 6 myotonia was noticed to be returning. 
The blood pressure was 130/80 mm. Hg, and by 
November 20 myotonia had returned to about the degree 
present before treatment. The patient’s voice was again 
slow and monotonous and he had suffered one attack 
of trismus. 

In order to simulate the pain A.C.T.H. injections 
caused, a 2% solution of saline was used as a placebo. 
On November 22 2% saline was given and continued 
thereafter in exactly the same manner as A.C.T,H. until 
December 5. Neither the ward staff nor the house 
physician knew that saline was being used. No change 
in myotonia occurred, and on December 5, without a 
break being made in the continuity of injections, A.C.T.H. 
was substituted at 200 mg. daily ; seven days later the 
myotonia had again largely disappeared. On December 
20 the patient’s weight was 11 st. 1lb. 202z. 

On December 21 the patient was sent home. He 
continued to have 150 mg. of A.C.T.H. daily adminis- 
tered by the district nurse. On January 14, 1952, he was 
readmitted to King’s College Hospital. The serum K 
level (done as an out-patient) was 16-5 mg. per 100 ml. 

Improvement in his condition was now striking, and 
only a trace of myotonia in the muscles of the hands 
remained. Muscle strength was better than at any time 
since the onset of his condition. There had been no 
further attacks of trismus of the jaw muscles. His wife 
noticed that his scalp hair had started to grow again. 


He was not aware of any change in libido or potency. 
A.C.T.H. was now discontinued owing to the shortage o! 
supply. By January 21 there was a minimal return o! 
myotonia but percussion of the thenar eminence did 
not produce the prominent myotonic response observed 
before treatment with A.C.T.H. His weight was 
11 st. 5 lb. 6 oz. and he was discharged home on February 
18 to be followed up as an out-patient. He was seen 
again on February 13, 1953, when the myotonia was now 
apparent but much less than before treatment with 
A.C.T.H. The patient himself remained delighted at the 
results. However, the myotonia steadily increased and 
again he was troubled by difficulty in swallowing his 
saliva, and his voice became monotonous and indistinct. 
He continues to attend a follow-up clinic at regular 
intervals and is anxious to have further A.C.T.H. 


Case 2.—Mr. M. was aged 48. In 1943 while in the 
Army noticed a tendency to stumble and that his limbs 
were becoming thin. The weakness became so marked 
that he was unable to carry a bucket. He developed foot 
drop and was given a walking caliper. More recently he 
had found difficulty in holding up his head. He had 
been bald since 1927. He has three children, aged 26, 
23, and 17, all alive and well. 

There is no family history of any neuromuscular 
disorder nor of poor vision. 

On examination there was moderate baldness and 
bilateral ptosis with frontalis contraction. There was 
wasting of the sternomastoids, supraspinati, infraspinati 
and rhomboids, and of muscles of the forearms with 
decrease in tone. The muscles of both hands showed 
moderate wasting but also a well marked degree of 
myotonia. 

In the legs there was bilateral drop foot with slight 
pes cavus, wasting, and weakness of dorsiflexion of both 
feet. Muscle tone was normal. 

The reflexes were absent in the arms. The knee jerks 
were sluggish and the ankle jerks absent. The plantars 
were flexor. The right testicle was small and atrophied. 
The blood pressure was 130/90 mm. Hg. Other systems 
were normal. 

Among the preliminary investigations electromyo- 
graphy showed a typical myotonic reaction. The electro- 
cardiogram was normal. The electroencephalogram was 
abnormal with a large amount of diffuse, irregular 3-6 
c/s. activity especially marked over the left hemisphere. 

The patient received a course of A.C.T.H., 100 mg. 
daily, for 10 days, and then 150 mg. daily for 15 
days, after which there was an improvement in the 
myotonia. He became able to carry out rapid repetitive 
gripping of the observer’s hand at a higher rate than 
before treatment. Electromyography confirmed the 
improvement in myotonia. No such benefit followed the 
placebo injections of hypertonic saline. Improvement 
persisted for six to eight weeks following cessation of 
A.C.T.H. Thereafter he slowly returned to the pre- 
treatment condition. 


Case 3.—Mr. C. was aged 39. In 1938 became aware 
of difficulty in relaxing his grip and developed a tendency 
to trip over minor irregularities in the ground. The 
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muscles of the neck later became weak and he had 
difficulty in raising his head when recumbent, having to 
turn his head sidewards in order to do so. Difficulty in 
controlling micturition necessitated the use of a urinal 
at night. In 1939 treatment with quinine and benzedrine 
was without effect. All disabilities are worse in the cold 
weather. 

His grandfather and father were both bald at an early 
age and his father also had cataracts. 

His appearance was typical of severe dystrophia 
myotonica with baldness, ptosis, myopathic facies and 
eversion of the lower lip. Speech was monotonous and 
indistinct. All muscles were wasted, the sternomastoids 
being represented only by fibrous cords. The left eye 
showed early cataract formation, while myotonia of hand 
grips was marked. All tendon reflexes were absent, the 
left plantar was flexor, the right being extensor. Bilateral 
pes Cavus was present. Both testes were atrophic. Blood 
pressure was 100/70 mm. Hg. 

The basal metabolic rate was minus 16%. The plasma 
cholesterol level was 272 mg. per 100 ml. The electro- 
cardiogram showed a left bundle branch block. The 
serum potassium level was 14:9 mg.%, and the urinary 
ketosteroids were 5-8 mg. in 24 hours. A radiograph of 
the skull was normal. 

The report on the electroencephalogram on August 26, 
1952, was as follows :— 

** Markedly abnormal, pathologically flat, with an 
almost total absence of regular rhythmic activity of any 
frequency. On overbreathing a small amount of alpha 
activity is seen. Photic stimulation produced following 
only at slow frequencies but no abnormal wave forms 
were seen. The suppression of activity in the resting 
record is unlikely to be solely the effect of anxiety and 
muscular tension. Such flat records are seen in a few 
diffuse, mainly basal, pathological conditions such as 
Huntington’s chorea.” 

On October 21 a course of injections of 2% saline was 
started and continued for ten days. No change followed. 
On October 28 the E.E.G. was essentially similar to the 
previous record but rather more normal. 

On October 30 treatment was changed to A.C.T.H.., 
50 mg. twice a day. (The dose was less than in the previous 
cases Owing to inadequate supplies being available.) 

By November 10 the only change was that he had 
regained his ability to raise his head from the pillow 
without having to turn his head sideways to do so. 
The myotonia was not clinically altered. 

On November 17 the serum potassium level was 15-6 
mg. per 100 ml. The electrocardiogram showed a left 
bundle branch block as before. On November 21 
A.C.T.H. was discontinued. The electroencephalogram 
showed an increase in alpha rhythm but otherwise little 
change. 


Case 4.—Mr. H., aged 34, had difficulty in relaxing 
the hand grip which was first noticed by his own doctor 


10 years before. He had always been of slight, even 
frail, physique. ; 

On examination he showed the appearance of dys- 
‘rophia myotonica with severe frontal baldness and 


wasting, especially marked of the facial muscles and 
sternomastoids. The grips were both myotonic. The 
testicles were abnormally small. A few small lenticular 
opacities were present in both eyes. Blood pressure was 
170/110 mm. Hg. Other systems were normal. 

The electrocardiogram was normal. The electro- 
encephalogram was abnormal with considerable excess 
of diffuse 4-6 c/s. with some potentials down to 2 c/s. 
Radiographs of the skull and chest were both normal. 
The haemoglobin was 104%. The serum potassium level 
was 19-4 mg. per 100 ml. 

On March 11, 1952, A.C.T.H., 50 mg. b.d., was begun. 

By March 18 the patient subjectively felt better but no 
objective improvement was noted, but by March 31 he 
was able, for the first time, to raise his head and neck up 
off the pillow and to sit upright in the normal manner 
without having first to turn on to his side as he had to 
before A.C.T.H. He had gained 3 lb. 11 oz., and was 
able to walk faster. 

On April 3 treatment was changed to placebo injections 
of hypertonic saline. On April 8 he was worried about 
his failure to gain further weight. On April 13 injections 
of saline were stopped but improvement was still main- 
tained. By April 30 he had relapsed to the condition 
before A.C.T.H. was begun, with difficulty in walking 
rapidly and severe myotonia, and again he had to turn 
sideways to get his head off the pillow. 


Discussion 


Adrenocorticotrophic hormone (A.C.T.H.) was 
chosen in preference to cortisone since in both 
the previously reported series of cases (1 and 2) 
cortisone has been found to produce little or no 
effect. Shy and McEachern suggest that this 
difference might be due to the power of A.C.T.H. 
to bring about a shift of potassium from inside the 
cells of myotonic muscle. It is possible that altera- 
tions in muscle function are reflected in changes in 
the level of serum potassium, though such changes 
may be little more than a very rough indication of 
alteration in the dynamics of muscle biochemistry. 
Weakness of muscle can be associated with a fall in 
the serum potassium level, as in familial periodic 
paralysis, or conversely with a rise, as in Addison’s 
disease. 

In a review of the role of potassium in physio- 
logical processes, Fenn (1940) emphasizes the 
essential part played by potassium in the physico- 
chemical structure of muscle cells, and points out 
that potassium moves out of the muscle cell during 
contraction and that to some extent this is under 
the control of the adrenal cortex. If this be so it 
may explain why A.C.T.H. relieves myotonia and 
cortisone does not. Presumably the effect is mediated 
by a fraction of the total adrenal cortical secretion 
which is the result of A.C.T.H. stimulation and this 
function is different from that of cortisone. 

That A.C.T.H. has an effect on potassium is also 
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reported by Bartter, Fourman, Forbes, Jeffries, and 
Albright (1949) who found that following admini- 
stration of A.C.T.H. there was a large but transient 
loss of potassium in the urine. On the other hand, 
Farago, Rochlin, Schilling, Vawter, and Armstrong 
(1951) have reported that A.C.T.H. causes a rise in 
muscle potassium in human subjects, though these 
observers are careful to point out that their results 
must be viewed with caution as they are preliminary. 

In the present series the only real effect appeared 
to be on the myotonia. Thus the patient showing 
the best response was Case 1 in whom the myotonia 
was particularly marked and the dystrophic process 
less in evidence. Those others where wasting, 
weakness, and the dystrophic features dominated 
the picture showed little response to treatment. 

No explanation of the mode of action of A.C.T.H. 


in relieving myotonia can at present be offered, but 
a further study of its effect on muscle potassium 
may prove to be of value. 


It is a pleasure to thank Dr. MacDonald Critchley, 
under whose care all the patients were admitted, and for 
his helpful criticism in the preparation of this paper. 

My thanks are also due to Professor C. H. Gray for 
advice on the biochemical aspects and to Dr. H. Pond 
who so kindly carried out all the biochemical estimations. 
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The Parietal Lobes. By Macdonald Critchley. (Pp. 480 ; 
139 figures. 70s.) London: Edward Arnold. 1953. 


In this book of some 500 pages Dr. Critchley reviews 
the functions of those parts of the post-Rolandic cortex 
which are called by anatomical convention the parietal 
lobes. The book is concerned mainly with the clinical 
symptoms arising from parietal lesions. However, the 
author manages in brief introductory chapters to mention 
such anatomical and physiological considerations as the 
phylogenetic development of the sensory cortex, the 
cyto-architecture and blood supply of the region, the 
marked functional interdependence of the parietal 
cortex and thalamic nuclei, and even the evidence, from 
the study of fossil bones, for hemisphere dominance 
and the development of speech in prehistoric man ! 

Amongst clinical syndromes tactile changes are con- 
sidered in detail. On the motor side ataxia, apraxia, 
and the loss of muscle bulk seen after parietal lesions are 
discussed, though no mention is made of the transient 
paralysis that sometimes follows wounds in this situation. 
Chapters are devoted to constructional apraxia, the 
body image, visual defects, disorders of spatial thought 
and language and symbolic thought, Some cases, 
presumably considered of critical importance, are 
given in great detail. At times, however, this profession 
seems rather unbalanced. Thus, nearly four pages are 
devoted to listing varieties of cortical blindness, although, 
owing to lack of necropsy studies, as the author says 
at the end, “ The cause of such phenomena is con- 
jectural.”” Again, discussion of visual agnosia is based 
largely on a case in the literature in which recent examina- 
tion has cast serious doubt on the bona fides of his 
elaborate symptoms: and the lengthy arguments, 
drawn mainly from the German literature, as to whether 
visual object agnosia exists, become more metaphysical 
than neurological. Quotation of the literature is lavish, 
but seems at times to replace critical assessment and the 
expression of the author’s own considered views. 
Nevertheless, the work is a monument of industry— 
the bibliography listing no less than 1,093 references. 
It will be a valuable source-book to all neurologists. 


An Atlas of Skull Roentgenograms. By Bernard S. 
Epstein and Leo M. Davidoff. (Pp. 415; 603 illustra- 
tions on 315 engravings. £5 10s.) London: Henry 
Kimpton. 1953. 


No one bony structure in the body shows such a great 
variety of radiographic changes as the skull. Not only 
are the pathological lesions very diverse, but the normal 
pattern varies tremendously from case to case and from 
infancy to senility. The authors must be praised for 
including so many “‘ normals ” in their 450 odd illustra- 


tions, and much benefit can be derived by studying this 
part of the atlas alone. 

About one-fifth of the book concerns the normal 
skull. The other aspects are treated in the classical 
fashion — congenital anomalies, trauma, infection, 
tumours, and non-neoplastic diseases, many of the last 
group being miscellaneous. It is perhaps disappointing 
that two such respected authors do not give figures 
gathered from their own vast experience, being content 
to quote figures of others working in the same field. In 
the chapter on meningiomas they say that characteristic 
changes may be observed in the plain films, variously 
estimated between 50 and 75°, but their consideration of 
this extremely important subject is disappointing. 

The reviewer was glad to find no illustration of a 
calcified tuberculoma, which is nowadays extremely 
rare. In this context more emphasis might have been 
given to the great difficulty of making an accurate 
pathological diagnosis of an intracranial calcification. 

The many illustrations are well chosen but some of 
the reproductions come from underpenetrated films 
which makes it very difficult to see the lesion. 


Sacral Nerve-Root Cysts. By I. M. Tarlov. (Pp. 126; 
65 figures. 47s. 6d.) Oxford: Blackwell Scientific 
Publications. 1953. 


The author describes cysts on the sacral nerve roots 
in 10 necropsy cases, and he has collected from his own 
and others’ experience 10 cases found at operation. 
These cysts develop in the perineura! space between the 
endoneurium and the perineurium, and occur where the 
dorsal root enters the ganglion. Unless they are unusually 
large they remain hidden under the posterior sacral arch, 
and if this is not removed they are missed both at 
operation and at necropsy. The author believes that they 
are relatively common and that their protected position 
has prevented them from being recognized in the past. 

The clinical picture is very similar to that of sciatica, 
but in addition there may be involvement of sacral or 
coccygeal nerves with paraesthesiae of the penis or 
vagina, urinary or sexual disturbance, and sensory 
changes over the buttocks and perineum. The cerebro- 
spinal fluid often contains excess protein, and there is 
sometimes thinning of the sacral arch, visible radio- 
logically. Myelograms are usually normal, but the author 
has demonstrated a cyst by an epidural injection of 
** pantopaque.” 

Treatment by excision, when this is technically 
possible, gives good results. The author hopes that this 
book will enable sacral cysts to be recognized more 
frequently. 
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Diseases of Muscle. By Raymond D. Adams, D. 
Denny-Brown, and Carl M. Pearson. (Pp. 556; 347 
figures. 118s. 6d.) London: Cassell. 1953. 


This book is an important addition to medical litera- 
ture which will be particularly valued by neurologists 
who have perforce to pay attention to muscle diseases in 
connexion with the assessment of disorders of motility. 
The combined knowledge of the authors regarding the 
experimental, the clinical, and the pathological aspects 
of muscle disorder leads to an exceptionally valuable 
correlation of the various ways in which experiment, 
clinical study, and histology have advanced knowledge 
of muscle. The authors bring out many gaps in know- 
ledge which still exist, and the clear statement of what 
is known and not known will stimulate work on relatively 
neglected aspects of muscle physiology and pathology. 

All neurologists should study this book. 


Pictorial Introduction to Neurological Surgery. By 
G. F. Rowbotham and D. P. Hammersley. (Pp. 108; 
81 figures. 21s.). Edinburgh: E. & S. Livingstone. 
1953. 


This book is not meant to be comprehensive. It 
deals with intracranial neurosurgery, particularly trau- 
matic, but as it is intended for the surgeon without 
formal neurosurgical training who may occasionally 
have to enter this field, more practical detail of technique 
and diagnosis might have been added. Thus the strength 
of the local analgesic solution and the recommended 
adrenalin content should be mentioned, especially as 
fairly copious injections may be needed. The general 
surgeon is likely to meet middle meningeal haemorrhage 
as an emergency, but here there is no mention of the 
value of local injury and oedema of the scalp or x rays 
in its diagnosis, while reference to spinal drainage in 
a suspected case (p. 54) might prudently be omitted, 
for the dangers are clearly recognized 10 pages later. 
Many think it unnecessary to drain sterile subarachnoid 
and subdural effusions with tubes, and this should 
probably be avoided by the occasional neurosurgeon 
for fear of infection. Nor need he irritate himself 
by trying to suture a dural graft of fascia as this will 
adhere satisfactorily by surface tension alone. The 
rationale of bleeding the patient to lower the blood 
pressure in cases of torn dural sinuses is not clear. 
Lastly, there is hardly a word about drugs in the preven- 
tion and treatment of osteomyelitis of the skull, a 
matter of especial importance for those not working 
with full neurosurgical technique. 

However, many will find this handsome little book 
useful. The illustrations are accurate and concise, and 
the whole production is a pleasure to the eye. The 
price, by modern standards, is very reasonable. 


Sympathikus-Chirurgie. By 
(Pp. 162; 146 illustrations. 
Georg Thieme Verlag. 1953. 


The knowledge of sympathetic surgery has increased 
immeasurably in the last 25 years, and in this book 
Professor Sunder-Plassman gives a most comprehensive 
account of its present state in Germany. 


P. Sunder-Plassman. 
DM. 54.-) Stuttgart: 


A large part of the work is devoted to the details of 
neuro-histology and pathology, which are not readily 
available in other surgical textbooks and provide the 
background for the use of sympathetic blocks and 
operations in a wide variety of conditions. The tech- 
niques used are well described and illustrated, and the 
failures, dangers, and accidents of sympathetic surgery 
are set forth. A full description of Thiermann’s operation 
for resection of the nervi erigentes brings to notice an 
operation which might well be better known and more 
often practised in this country. 

The value of sympathectomy is discussed in organic 
arterial disease of the brain and limbs, arterial embolism, 
Raynaud’s disease, Sudeck’s bone atrophy, and also 
regarding the problem of relief of pain and its causalgia. 
The author advocates sympathectomy for certain cases 
of cardiospasm, megacolon, and mega-ureter. 

One wishes that the section on hypertension had been 
rather more detailed. Indeed, it is given little more space 
than that on glomus tumours. The writer has a preference 
for Peet’s supradiaphragmatic operation for hyper- 
tension. 

This book is essentially a description of the author's 
personal experiences and preferences in sympathetic 
surgery, and stands on its own without recourse to the 
literature or the work of many other surgeons in the same 
field. Such monographs are of value in provoking 
thought and suggesting new methods. The conclusions in 
this volume, however, would have been strengthened by 
a Statistical analysis of cases treated, and its wealth of 
information would be more readily available had there 
been an index. 


Leitfaden der Neurologie. 
291; 88 illustrations. 
Thieme Verlag. 1953. 


This short outline of neurology presumably has an 
established public in Germany, as this is the fifth edition 
since 1941. It covers the field as adequately as most 
small textbooks, making no attempt to give references or 
assess debatable points critically. Unlike the majority 
of German post-war neurological texts it is fairly up to 
date in references to treatment: though perhaps the 
statement under tuberculous meningitis, ** streptomycin 
stands in the forefront of treatment at present’”’, is 
unduly brief. Changing views on diagnosis in the 
English and American literature, such as cervical 
spondylosis as a cause of spastic paraplegia or the 
primary importance of intervertebral disc protrusions as 
a cause of the lumbago-sciatica syndrome, are not 
represented. 

The book will have a value for English readers as 
representing current neurological teaching in Germany. 
Its price is unusually moderate. 


By F. Laubenthal. 
DM. 28.-.) Stuttgart : 


(Pp. 
Georg 


The Founders of Neurology. Edited by Webb Haymaker 
(Pp. 479; illustrated. 75s. 6d.) Illinois: Charles C. 
Thomas. 1953. 


This book was prepared by the U.S. Army Medical 
Library and the Armed Forces Institute of Pathology 
for presentation to the Fourth International Neuro- 
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logical Congress which met in Paris in 1949. It contains 
biographical sketches of 133 people who were considered 
by a committee of the American Neurological Associa- 
tion to have contributed most to neurology in the past 
century. Anatomists, physiologists, pathologists, 
physicians, and surgeons are each grouped together. 
Neurologists living at the time of writing were specifically 
excluded, which accounts for apparently strange omis- 
sions like that of Sherrington. 

The ‘book will make entertaining bed-side reading 
for all those interested in neurology and personalities. 
Neurologists seem on the whole to be a long-lived race, 
often with a gratifyingly wide range of interests outside 
their own subjects. Personal idiosyncrasies also seem 
to loom as large here as in the rest of humanity. Perhaps 
Hughlings Jackson could be described as “. . . serious 
and hobbyless”; but the possibly apocryphal story 
of his addiction to “* penny dreadfuls ’’ which he would 
tear apart for ease of bestowal in his pockets will bear 
repetition and add colour to Dr. Lennox’s rather grey 
picture. 

It may surprise some English readers to find a work 
of this sort emanating from the American Army Library, 
and to know that this library’s bibliographical facilities 
are at least as great as those of the B.M.A. Library and 
the R.S.M. combined ! It is timely to be reminded of its 
importance for medical reference throughout the world 
because there have recently been decisions to curtail 
its facilities on the grounds of expense. 


Foundations of Neuropsychiatry. By Stanley Cobb. 
Sth ed. (Pp. x + 287; 15 figures. 24s.) London: 
Bailli¢re, Tindall and Cox. 1952. 


The latest edition of this well known work has been 
rewritten to a material extent in order to make room 
for many advances in neurology and psychiatry. There 
is a new first chapter on general neurophysiology, and 
new sections have been added to other chapters on such 
subjects as emotional reactions in relation to the auto- 
nomic nervous system and functional localization in the 
cerebral cortex. Professor Cobb’s approach, which is 
that of simplifying the presentation as far as possible 
while making due allowance for the complexity and the 
variety of the themes which must be covered, is very 
appropriate to the purpose of teaching, and is especially 
successful in the earlier half of the book in which neuro- 
physiological aspects are dealt with. Generations of 
students must have found it of value. 

Nevertheless the same simplifying technique is not so 
successful when the borderlands of psychiatry are 
encroached upon. The title of the book is, itself, an 
optimistic indication of what is desired, and must indeed 
be held desirable, rather than a measure of actual 
attainment. This is not so much the author’s fault as 
due to the deficiencies of our knowledge and understand- 
ing. To take an example, it is not as yet possible to 
translate the Freudian concept of “ repression” into 
neurophysiological terms, and Professor Cobb does not 
even attempt to do so. We are told that “ the possibility 
of bringing a repressed memory back to conscious 


recognition is determined by the strength of the emotional 
block that is causing the repression’. What is the 
neurologist or the physiologist to make of a statement in 
which the terms are undefined and, from the physio- 
logical viewpoint, undefinable ? The explanation, 
ignotum per ignotius, serves only to conceal from our- 
selves that we are totally ignorant of what is happening 
in the nervous system when clinical observations of a 
certain kind are being made. Professor Cobb has built 
a firm substructure of neurophysiology, but the psycho- 
dynamic theories placed upon it rest there uneasily 
without an organic connexion. 

From the student’s point of view a serious deficiency is 
caused by the disproportion between the size of the work 
and its scope. On many subjects, some of great and some 
of lesser importance, the discussion has to be so com- 
pressed by considerations of space that it is unilluminating 
and superficial. Two pages can be spared, for instance, 
to the whole enormous field of mental deficiency, and are 
then spent in providing inadequate accounts of a few 
syndromes. It would have been more profitable if less 
effort had been given to making the work compendious, 
and more to developing the aetiological concepts which 
are the author’s prime concern. Individual syndromes 
could then have been used solely by way of illustration. 


Conditioned Reflex Therapy. By Andrew Salter. 
(Pp. x + 358; 20s.) London: George Allen and 
Unwin. 1952. 


The author is a practising psychotherapist in the U.S.A., 
and to provide himself with a working theory has thrown 
over any and every form of psychoanalysis in favour of a 
few simple concepts taken from the work of Pavlov : 
conditioning, excitation, and inhibition. In his view all 
the neurotic ills of man spring from inhibition, and are to 
be cured by disinhibition and cultivation of an excitatory 
response to life situations. This theme is illustrated agian 
and again on a variety of case material, stuttering, 
addictions, sexual neuroses, the case reports ending as a 
rule with the cure of the patient. The style is vigorous to 
the point of brutality : ‘‘ We are meat in which habits 
have taken up residence.”” Despite the oversimplifica- 
tion to which the author is much addicted, he provides 
examples of the practical application of concepts which, 
however insufficient as a theoretical framework, are 
still valid ; and his book can be read with enjoyment. 


Encyclopedia of Aberrations. A Psychiatric Handbook 
edited by Edward Podolsky, with a Foreword by 
Alexandra Adler. (Pp. 550; $10.-.) New York: 
Philosophical Library. 1953. 


This book is not an encyclopaedia in the usual sense. 
Some important subjects such as delirium, delusion, 
hebephrenia are omitted (or, if dealt with under other 
headings, cannot readily be found since there is no index) : 
and some odd or trivial subjects are treated at length, so 
that pages are devoted to “‘ post-orgastic emptiness ”’, 
**nun’s melancholy ’’, ““ waking and sleeping, peculiar 
intermediary state between ’’, and to the perversities of 
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sexual appetite. Many of the articles are taken straight 
from journals in which they had originally appeared. 
The general tenor of the book is strongly psycho- 
analytical. 


BOOKS RECEIVED 


(Review in a later issue is not preciuded by notice here of books 
recently received.) 


Corso de Psiquiatria. By Honorio Delgado. 
513.) Lima: Imprenta Santa Maria. 1953. 


Comparative Psychology. Edited by Calvin P. Stone. 
Third edition. (Pp. 525; illustrated. 50s.) London: 
Staples Press. 1953. 


(Pp. 


Psychotic and Neurotic Illnesses in Twins. 
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